WO 2012/ 054729PCT/ US2011/ 057106 -1- PROCESS FOR SEPARATI NG AND RECOVERI NG
ETHANE AND HEAVI ER HYDROCARBONS FROM LNG BACKGROUND OF THE | NVENTI ON

[ 0001] Thewpnremarst72onvent i on exanple relates to the fiel @#cofuspsioosass ng
gasses in a liquid or fluid phase such as for LNG (Liquified Natural Gas)
and NG (Natural Gas Liquids) as known in the oil and gas industry and the
recovery of C2 and C2+ (ethane +) conponents fromthe hydrocarbon fluid
streans. More particularly, the preseﬁf invention relates to the recovery
of ethane and | ess vol atile conpounds from hydrocarbon fluid streanms such
as, fromnear atnospheric or nore pressure, stored or transported cryogenic
LNG | i qui d/ PROGESSEQR SEPARATINGAND BELQVERING AR ANDITBAYIR, and
operation of equi pnent to aHNDRQCARBONSHROM|INGS i nvention relates to a
process for separation of less volatile conpounds, such as ethane and |ess
vol ati |l e conmpounds from hydrocarbon m xed streans for exanple |liquefied
natural gas (LNG or other such as petrochemcal refinery streans. It is

anticipated it could fi ndBACKGRQUND OFSTHRYNVESETONN rel ated applications.
[ 0003] Background Art [0004] Natural gas 1s being nore often |iquefied and

transport gshoi ocegne R idNRidnaRKRpE f1fed NGLE ECR dfip?&e%ﬁ%rga_ﬁk‘%é ma
wor | dwi de. The LNG can then be re-vapori zed and transported Vvia pipelines
carryi ng hauidiroalflugch phasThyech NGias AN dLiguidicth d¥atirdsgasy ghdtGle (Ngnpbhent s

besi des the predom nant | t hane. t hane, usual | es re than 50%
of “the. LG RE A RCBR T i, MEARRBS PR AI R SRR v R ST [ “The Toss
vol atil e eQiRABROESMEhE RPdrodagboERlid SRARES MO PaticAReC itd sradehOiSentibn Heat i ng
Val ue contractual terns, or in order to obtain greater value fromthe |ess

vol ati | e K te thedenopat Abiethanyapd leprexplayite comppynsg Irgthydiocasbandiied stesams st or age,
| oadi ng t i nal-s. o IV 1 nal t he

o obl e of DrSolProfh SIS 8 3dug, LA'EHP ylery FGERTHL

[ 0005] U. Sliqira/fleidtfeddostrefims hdth paitiabhmheosdmialdesign ahd patyonZd,equipdjt teli scl oses
a process

achieve this.

[0002] This invention relates to a process for separation of less volatile compounds,
such as ethane and less volatile compounds from hydrocarbon mixed streams for example
liquefied natural gas (LNG) or other such as petrochemical refinery streams. It is anticipated

it could find utility in non-hydrocarbon related applications.

[0003] Background Art

[0004] Natural gas is being more often liquefied and transported in ocean going LNG
tankers to LNG receiving terminals, worldwide. The LNG can then be re-vaporized and
transported via pipelines carrying natural gas. The LNG can have other less volatile
components besides the predominantly methane (methane usually makes up more than 50%
of the LNG). It is usually necessary to remove various amounts of the less volatile
components either to meet compositional specifications or Heating Value contractual terms,
or in order to obtain greater value from the less volatile heavier compounds. This may be
carried out at production, storage, loading terminals or receiving terminals. Storage of LNG

presents the problem of uncontrollable “roll overs” caused by density inversions.

[0005] U.S. Patent No. 6,510,706 (Stone et al.) (January 28, 2003) discloses a process
for removing hydrocarbons less volatile than methane from a pressurized liquid natural gas
(PLNG). PLNG is heated in a heat exchanger, thereby vaporizing at least a portion of the
PLNG. The partially vaporized PLNG is passed to a fractionation column. A liquid stream
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for renoving hydrocarbons | ess volatile than nethane froma pressurized
liquid natural gas (PLNG. PLNG is heated in a heat exchanger, thereby
vapori zi joavidsarb a portion of the PLNG The parti al | ycrapsesiiiostdoLNG i s
passed to a fractionation colum. A |liquid stream SUBSTI TUTE SHEET ( RULE
26) -2- enriched with hydrocarbons (G sub.2+ or C sub.3+) less volatile
than methane is withdrawn froma | ower portion of the fractionation colum
and a vapor e | ean in ydr acar ho | ess, | ati |l e than t hane is
ot man chieBi SAT aRtsE: (o S b Lrab PPy hgk G oot SRR har avm
vapor str @amad1swiddaRM of fefh&iodafi BHERANYEKagoP stANAQNSE the ASdrY@PRs t O
produce PLNG | ean in hydrocarbons | ess volatile than nethane. [0006] U. S.
Pat ent Nolesyyalge 42g rr(eﬂmnmlsn’gﬂ)dwn(fmm ampppep Brtion Of7te diagisnais s onpr ocess
for the e an ver d heav ar bons (C2+)
from LNG )ﬁﬁe ﬁﬁgrgicgs‘sag(gos\elfrggeds ly?ass? 'S pgﬁ ?XChan %mo ed %(lﬁs "1°zati on of
the benef pfbdﬁdemml@ﬁﬂh(hydrb@lﬁ’lﬂﬁk leRy voReild th@sméhanthe LNG to extract and
recover C2+ formthe LNG using a unique arrangenent of heat exchange

equi pment {0006]Cr yogens cpdsraNd. onNadsi«on (Qhi aﬁﬂ@]aﬂﬁa@ﬁ%SDW) REJ-RREL £rs t hat
essentially elimnates (or greatly reduces e need for gas conpression
equi pnment pm‘%s fﬁrzhemgtr@,capn il regoystty of fthale ao@h@mphydmvaﬂvnns (E€Lektrom EXNG. power
requirene the follow ng
burposes: 1o b o GHE PRl pER PSRt i G053 afehBalty shoshi ne
recei vi ng iRfghl pegRaiet bE el ING t@extdahndRedsr ComMm@hicihdll Ntauungh w@rge qual i ty
specifications; to condition LNG to make Lean LNG that neets fuel quality
speci f i ca@irmgm@mf 53k SEAARES QqBIIERted CHPLANGTISEORA R CIBMN @D BIOgHHNDt her LNG
fuel ed eq ; t be used
to make IFarrg[e thzh ess%g@ﬁgjfy P%%Sog%dﬁﬁf dg tﬂ%l‘\&cq)éreaggngrg Cdn@f&%ﬁf@ fuel ;

t 0 r ecoveequepihan ﬁumt}nrzmgaﬂlﬁtaaﬁdl Girel adnb@nptioy dnddatixangowee axjhieémentiethisret hane
from LNG for revenue enhancenent, proflt or other commercial_ reasons.

[ 0007] U. SInvestoamaygs used lgnqnesorgnqreisihe fllowgngpurppsqs ocapdiiien BEG so firsb)

di scl oses s&d%f?’gﬁ‘?%h\%{’b‘a RPA BNU e BnglaRF rdo BERUEEN1cRfin & RBALom A} ene.
propane, propylene, and heavi er hydrocCarb or% froma l1quefied natural gas
(LNG st reamal gasdisblyoped(icalibes; IL(NG)Ifdﬁ@d I G eammaks L(dan/ iL.yédthanmects Vsl

portions. The fir orti up l.i t fractiona calu t an
Gpper m asgmrepeaimarheanbrb BlusdpEre: Ry Rl ol e
exchange n@leatel@pm¥ict B condnMENG EH ﬁ&ﬁe'Le@ﬁ LRO sl ah bShstdf hadNe
fractionation stages of the column, whereby this portion of the LNG feed

stream i s Ngeing| saecufycavmcand z@ddaamofor paanr¢reinl CN@tfu@ntogﬁmamth@e,tmmm y
condensed. The .co d dj sti at| on st ided.nto a LNG
e S RGOS ER ket kB bRt AN eV Sot Bt e poEE Lt | e

to the cobpdRerabmaetc@Preadhyim feed position. The partially vaporized
portion of the LNG feed streamis separated into vapor and liquid streans

whi ch ar e googr eaf t g1 SRRt N§d7 591 51%e(cﬁalay%na1ayt<ﬂe@awer M b0p9) HiBTséeed
positions. The quantities and tenperatures of the feeds to the colum are

ef f ecti ve prosesrantheppirtus 3or thheceshuohrtone ctide treomes. rapyenatnd heaieper at ur e

wher eby gﬁdr %rgdugl%lt fl},qgrfefiﬁlgaaaé %N"G‘? PRy 1scltosedI Thd ﬁ\clg\f ed sgreI n the

bottom i
is divided into two portions. The first portion is supplied to a fractionation column at an

upper mid-column feed point. The second portion is directed in heat exchange relation with a
warmer distillation stream rising from the fractionation stages of the column, whereby this
portion of the LNG feed stream is partially vaporized and the distillation stream is totally
condensed. The condensed distillation stream is divided into a "lean" LNG product stream
and a reflux stream, whereupon the reflux stream is supplied to the column at a top column
feed position. The partially vaporized portion of the LNG feed stream is separated into vapor
and liquid streams which are thereafter supplied to the column at lower mid-column feed

positions. The quantities and temperatures of the feeds to the column are effective to maintain
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[0008] U.S. Patent No. 7,216,507 (Cuellar et al.) (May 15, 2007) discloses a
process and apparatus for the recovery of ethane, ethylene, propane,

propyl enayoantr/dserei er hydrocarbons froma |iquefied nararalS2gas®s11bNG)
streamis disclosed. The LNG feed streamis divided into two portions. The
first portion is supplied to a fractlce;jnation colum at an upper m d-col um
feed poi nt The second portion is directed in heat exchange relation with a
war mer di ation,streamrisin omthe fractionation st

o . e e PR R R, St ST hE TR BB DO e bt o and

the disti kbAgdnets Stéc@aTed 1§tﬁe®oﬁbmﬁ&ﬁ@@ﬂﬁﬂé%m dd@ngpndensed distillation
streamis divided into a "l ean" product stream and a reflux stream

wher euponogg r ef | XS Sl eq).1 %2 1540P d:u%ﬁmte@apwa qls%nwalsaosgpppl%@%]ym f eed

position. The partially heated portion of Gfeed stream eat ed
further tanqoapmaralhsl yorothe t mt@ktyy ol @fhond, zathyildne apptiee rpeafyteee, sulpptaved to t he

of e 1 cbasoRoin B Rar G eater Bol Kb B e, {e SO BULr hoad

tenper at U'isedﬁﬁecﬁmtt@fmﬁf)&h&fsemﬁfs??M’u@)ﬁ"% ABHIRA B QI frdcABnaBbn tHBmAQS LK ed
conponents is recovered in the bottomliquid product fromthe col um.

[ 0009] U. SUPmatnehcohmn fe¢d mm %ﬁecw!ﬂlpmtm esrdireetechin Neal(ektiragge relioPOUE)
di scl f i j {i i th
or oduci ng A JaraRish Al BERE KPR PiotioBisr Aty B bHDEA BBrE s e

than met haagon 9f Q*AeSENGS@éH stkdani fsepamesue} afesied h@ tRaditRlio ageaft sea@ly 0 be
liquefied is partially cooled expanded to an internedi ate pressure, and

suppl i ed eendansgd.skhe|opdenssd dssllagan, sUre indtidehingr vdlser’ 11N pradagtgtream

distillat f
thZrloca?blons ﬁglllaglgtgera ﬁ%“%’%‘ﬁa Jeﬁ?ﬁg{&l lyﬁlgbpe%hg?ﬁvaogggﬁ%e a@p?%e purity of

the |iquefdeachoricdmirtle @amlly Hosed psitidual dgabN6t feedrrdanoin lidaed dinsler [t at i on
colum is caonpressed to a higher internedi ate pressure, cool ed under

pressure PYUEHHAHIRY Fiporigny a@%@ﬁreé%é\*m)@al foghy solump @k i pHd-edy e t he
l'i quefi edfé@@ '(dglﬁ'(l)n 9@e é{ﬁat{tlﬁ@snand[ tglgé@lthi'esc-‘of Eﬁ%tf@&irs tg 'tﬁ?:l éoﬁiﬁ‘ﬁﬂ 28 eH@ctlng980098770

(Ransbar ger) di sclo |1 quefied natural gas (LNG facility
enpl oyi ngmamtdimthe lcoﬂanin at/@hqcad &maraelrdatsnttem[btmturo rwheebyiim rrfamr prionviethy of

et hane and heavi er congonents fromthe. r.(gc ﬁ ahZe gas streamin a
way that (REFeEIEE" SEPwTE 0 DeRpien { 51  HPPH “é%?pu tal and
operating costs. [0011] U. S, Patent Publ i cati on No. 20090221864 ( Mak)
(Septenbe|[00§9 2009)U 2 ldanp os 7 O3 7 NG TiRsop e als@bach . CoRDedioloneed pl ant s

and met hodg, Isqlagfg %faﬁﬂaggow Cfgﬁju;éﬂfd] b ughﬂ(%ut h@ﬂg 1§L§lcr§arﬁ§3nta1ﬁ‘ing content

of the LN top r oth ani zer-and to
further cpmdﬁnmentbz h\ydaqocmbcplhh&meofhan hlethalmarmthbdmeddn thoyperchsatle patadilpas . | n

such plants enet hani ze Qv des bot tom product to dee ni zer,
wher el n a Sttt Ranaor Siraaly BT el Wb PrEBUG St fHSSEUET han zer
over head gy th's@ﬂlaﬁdﬂ dJMihsn. F1oe MBoROmSSh@ne f@ﬁloﬁtéc(hstﬁlﬁﬁloﬂj@&ﬁrﬁ@@k&&éntfaﬁ| ux.

[ 0012] There are other processes to separate the heavier than nethane

hydr ocar bgmalmmnnam@y qf-l@Weh/)élrocalth@s I;@ae@etmn heteay dtal woulil niheiwisegedugelependent

experi menti ng .of at|o til .arriv a co eteadaerX|bIe

Vool e or DledBuBa B U LR S T bbb e Pl BB B A0y < he

i ndustry sémapeediobasedr ﬁl&ﬁmgﬁate PRESU, @aledciﬁﬂﬁi’lpif@é’ur@@fcbiri@hﬁ: 1S|aﬁwihaﬁl ons

tool (offered by Hypot ech Conp ¥ Canada whi ch in addition supports the
1d

i nvent or stXpapdedde O@Janresswqtﬁfpwﬂlﬁ @eilue@natu@l&aﬁﬁ@eamnd the operati onal
i nformati on necessary for providing the required enablenent's for anyone
skilled i 000 art loy. Bgemnkeblication No. 20080098770 (Ransbarger) (May 1, 2008)

discloses a liquefied natural gas (LNG) facility employing an intermediate pressure
distillation column for recovery of ethane and heavier components from the processed natural
gas stream in a way that increases operational stability and minimizes capital and operating

COsts.

[0011] U.S. Patent Publication No. 20090221864 (Mak) (September 3, 2009)

discloses that LNG is processed in contemplated plants and methods such that refrigeration
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[ 0013] Additionally, to address the issues presented by the prior art
systens, the inventors believe that use of the present invention can be
made to mwoigeteE4moobl ens of the uncontroll able "roll overaS2qiaas=ed by
density inversions) in storage, through a process to separate and recover
et hane from such LNG with ethane content as |ow as about 1% and | ower. A

part of the even | eaner Lean LNG prodU4(:t as part of a liquid flash product

part of acogt pt Branee Bsfs b e pRSGE e GBparG: L ab e B iRent o have
BNy uses ¢§ldckte as \fﬁgdr %ﬁ\?@@’lﬂfeme PRIfAENSN 6Rinch@gASOCKE &ich | disHk, dné uel s.
BRI EF SUMVARY OF THE | NVENTI ON [ 0014] To address the forgoing desires, the
present i deaubdngar prewdes dordon pedyelels ¢ deghanisp avhgreimydearthapigeoidsrdrayy et hane
and heavi gr drocarpbons fr LN | n.on di.ne f th resen
Mvent  on SRRV RRERARER ALRTHEN ol PR T Hb B eRiapRaR),
cont ai ni ngedagfzedsBaxvherein the Rich LNGis in liquid formfroma storage
':Qlanﬁ ErNGot“;;_r sourceé@;g;él?l 'fh LNG tE:)orrprl S|E ng C 1q§nd C2+ hyd_:[é(;car bo[ls, tthe
c N9 an TRERIaGthG pRicB8ss bRBRLl@thd mBa vt dhaA F&RAAE By drddd@oddEXt St ep
i nvol ves pres]suri zing the fegg(ét.ock Rich LNG from storage p?essure up to a
d_egi reg pifrﬁsls%dNG. mmmﬂleﬁessﬁtm?mn@mhmﬁhfe&jﬁﬂmdﬂ @hpem:m@lﬁuggt@f alge ccﬁolt
side of a_heat exchanger, e heat ex nger. -having a cool  si.de a ho
<1 do. “The HEEPHETERBLEE pt FErpEind T Hiual B DS SRaG AHs R EF o or ocess
steps i nvakydnn@ pheidert uaxehangriusayaReidard bssedidetigs etivSy S@ri éonfpaler pressure
properties of tge C{GSI redlgas agd Ihqw d mxture in the col um SUBSTI TUTE
SHEET ( RUBEN26) Simulatapp 19l ThEREd theHyRaig8 t GoRparRy.chanalg whichdatadditigh t hin t he
heat CXCNNRGH: YA EnIR! SRyl inf REERL G, Bech BAGRRUGHEiFpRUD0)
enbodi menhecetshg faitepvidihg tmirgjuacdunalgehdéng’s t@adgino skilldd ia helaNGr kdnowy | t s bubbl e
point to avoid vaporization while in the heat exchanger is achieved by
regul ati ngnoube pregguii@ndly, theddi@atihexaRaneeinddobyTaientrav Mt $yetefms,Clhe LNG i n
its liquid phase with no vaporization. [0016] The undivi ded feedstock Rich
LNG feed #tveainbrlievaithagieed the ppicnhiavanaan candearlgde miigae pedeeselithy col um,
the colu Sl »Qf oSt . i.ght of
the. col umparab; P SRG: FludBt St BEAVERLEY P Rohas thR0M  BEe0S L0 0
desired endpatel mdatiovaset@nomgnt fieh M hith @thahdreontal wnfowTieatpatoreasd t hen
i nvol ves %eneratl ng in the colum a desired m xture conprising an over head

gas st reafieHnPriE; o dhe qvghicaner hpdy bYG mESkCclgs dat ot 8 hawar@sbd@gql%af Bot t ons
liquid st | SiPg: i I T r gas
stream i si%?{'ﬂergét)gﬁﬁ?c?g?n&%sﬁg\%}:{% ucﬁﬁlsggegfcﬁ%&ﬁgttopdg?%gﬁg@? hgﬁﬁ)gglfe C%&% anger.
The next stedpdi nfb¢ wegaraab heavger acvthpooanthe hsien grabhes@v euchead {f@asxastptegam
agai nst the cgld RicB LNG feed qck streamto form in whole or in

subst ant i 8Fr95Beical feefsienks oF lKHPFISi ng Lean LNG product stream any

remai ni ng i nci dental uncondensed overhead gas streamremaining as a gas.

[ 0017] The condensed pr oBERIEFSUMMARY CHTERAEINVENTEONT rom t he hot si de of
t he heat exchanger to a Tecerving vessel. The Tirqurd Lean LNG product is

punped Tfﬂgilh]he r eqgi Mg MERD ingtd%si?es%ébfe%t L RERToh ABscritdie: ﬁ@ée%s%? l'i qui d
streamis directed fromthe colurmm to one or nore reboller arrangenents
wher ei n heahianigg ofd itdvectiogt ditons add Ipaiidr Isidraeabvnsrranh ENfie Joioheembalkast pl ace.

At |east a.portion. of the heate ottons strea re preferably returned to
the col umit B RBELIMGHOB oY Hrefiaoatis 1 v v e Shratn6simBg  og
bott ons SRIBANE MhEXinRRE REhANING ik NGuid @brtNfroRh stdhBe Gk WIBHEOSHRE hé _
directing the heated bottons streaminto the colum at one or nore desired

heat ed boRichrisN(s toraprmsingrlddandtC2ertydpcarbenst the RechdlNfm favikgearhabydit slofage he
col um

temperature and pressure. The next step involves pressurizing the feedstock Rich LNG from
storage pressure up to a desired pressure followed by pumping the feedstock Rich LNG into
the cool side of a heat exchanger, the heat exchanger having a cool side and a hot side. The
desired pressure is typically dictated by any downstream process steps involving the heat
exchanger, and/or is dictated by critical pressure properties of the desired gas and liquid

mixture in the column.
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[ 0018] The col um bottons streamis discharged directly fromthe col um or
fromthe reboiler and the bottons streamis transferred to a desired

| ocat i on.wonyixyas72on t he recei ving vessel is transferre@gcrwsacdesimed

| ocation. [0019]1In another enbodi nent, this process may further conprise
the steps of: directing the feedstock Rich LNG fromthe heat exchanger
through a valve and into a degasser; directing the liquid streamfromthe

cotamn et @ISk rtndrSoE 1RGP ER 18l PR b dpecRat ke B0 cam

entry por qfingdiAmng ik TedfeéoRch ING Row @k vambId soiRab Tdid Shgosidongyileen degasser
liquid streaminto the colum at one or nore desired degasser |iquid

product etherhgal ayelangandn alpeshegred sebhdingtit the fstep loé mattaimng tha deedeipekeldich ng any
gas stream.i he. de r.to t.he col um,. .the m ing furth

a1 1t ed Nt BELIEFRREF D bl SRR FERD BT L Dve. e gh
of the cokdgmmuiiOthp@FoRivie i heGéat BEchbier HeYAISRI hgRENIINE@ MM H§iued pRge col um
at one or nore desired degasser gas product entry |locations along the

hei ght of MiR&0 @IoGAIION] 0020] A portion of the col utm bottons stream may be
directed to the degasser to warmthe feedstock and alter the conposition of
the total [G0ded to tlhe vodividad [§e0OxK] Ridle IV (pdeed sstmany is dis¢oipdelrerneheabiehi t i onal

f ' heat. f h I b
o 2P O LSRR KBRS S SO R Bk A ACEEH e

along the height of the column to permit directing the stream into the column at one or more

desired entry locations along the height of the column. The process then involves generating
in the column a desired mixture comprising an overhead gas stream comprising lighter
hydrocarbon products and a desired bottoms liquid stream comprising heavier hydrocarbon
products. The overhead gas stream is directed from the column to the hot side of the heat
exchanger. The next step involves cooling and condensing the overhead gas stream against
the cold Rich LNG feedstock stream to form, in whole or in substantial part, a liquid
comprising Lean LNG product stream, any remaining incidental uncondensed overhead gas

stream remaining as a gas.

[0017] The condensed product stream is then directed from the hot side of the heat
exchanger to a receiving vessel. The liquid Lean LNG product is pumped from the receiving
vessel to a desired location. The bottoms liquid stream is directed from the column to one or
more reboiler arrangements wherein heating of the bottoms liquid stream in the reboiler takes
place. At least a portion of the heated bottoms stream are preferably returned to the column,
the column being further outfitted with one or more heated bottoms stream entry ports along
the height of the column to permit directing the heated bottoms stream into the column at one
or more desired heated bottoms stream product entry locations along the height of the

column.

[0018] The column bottoms stream is discharged directly from the column or from
the reboiler and the bottoms stream is transferred to a desired location. Any gas in the

receiving vessel is transferred to a desired location.

[0019] In another embodiment, this process may further comprise the steps of:
directing the feedstock Rich LNG from the heat exchanger through a valve and into a

degasser; directing the liquid stream from the degasser into the processing column, the
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desired high or | ow percentage of ethane. [0023]1n another enbodi nent, the
Lean LNG stream may be directed to a storage facility or to further
processi ngotoivapmwi ze the Lean LNG [0024] 1 n one enbodiPogrusoiatwstieast sone
of the Lean LNG streamis directed to the columm, the columm being further
outfitted with one or nore Lean LNG s;é;]eam entry ports along the height of
the columm to permt directing the Lean LNG streaminto the colum at one

or nore desired Lean LNG product entry | ocatians al ong the height of the
ol urme [ o8y $riee Broensutily Giood Ot iRt RER HaR bsbrots Ui f: |

di r ecti ngpabhtlogatcomfifBo BémfithBreliBd Mhd dNGhsSéNR AN strfinPinR Be S6lumPhond@eli t i onal
heat exchangers; heating the Lean LNG within the one or nore heat

exchanger $10oyhildseedrdggatsell iquidy Prodect [catan lacp@np elopgy thet keighuloblths ¢ebinyy and avoi d

vapor i zat idl (?cti\r’l\g%n:;?fe ASHSH‘%EPII? inh %tde 85 ??onﬁi%rc;olugwinr ﬁl%tcioﬁ%mtb%?t%gl‘t%&ﬁer Ibul\ﬁ’:'lttff(ﬁ om the
heat exchanger rough a valve and into a degasser or other vessel;

di recti ngwithent bbb ®biseaPad siamtdiey PeGaSSES ho heidhitREthe/@%8@] totRriit desi r ed
| ocation; and directing any gas streamin the degasser or other vessel to a
desi red | déxtipghe degassshegasa toethr colunppeat opgyefi repre elgsechdagasjerteas poduestt ed from

t he degas%ﬁ%lg%actji‘é?ﬁsrh‘?&ng\{lgej%@né)f’?ﬁOcoﬂﬂ%t. her heat exchanger arranged in series

rel ations t hes I onal steps be conpleted. [0026]1n one

enbodi nen t he process he Lea NG streamis directed to a R ch LNG
Feedst ook W2 age CHRTEThY G SRR DR e T bhETothe EhBBgr age
further cenpiihgif@gsiGkan® aleitHeoinfbsith of PRI TecdYStheoBumacat ed al ong the

hei ght of the storage to SUBSTI TUTE SHEET (RULE 26) -7- permt introduction

of the Lepgn2iNG st r@ampdctdsomih eichlio iiRIf1dRIchAeficpRRAVE AQ s OeatMirb il te t he
| evel of stored Rich LNG feedstock.
column bottoms stream.

[0022] In a preferred embodiment of the process, the NGL product comprises a

desired high or low percentage of ethane.

[0023] In another embodiment, the Lean LNG stream may be directed to a storage

facility or to further processing to vaporize the Lean LNG.

[0024] In one embodiment, at least some of the Lean LNG stream is directed to the
column, the column being further outfitted with one or more Lean LNG stream entry ports
along the height of the column to permit directing the Lean LNG stream into the column at

one or more desired Lean LNG product entry locations along the height of the column.

[0025] The process may also comprise the additional steps of: directing at least some
of the Lean NG stream into one or more additional heat exchangers; heating the Lean LNG
within the one or more heat exchangers while maintaining the Lean LNG below its bubble
point to avoid vaporization while in the heat exchanger; directing the Lean LNG from the
heat exchanger through a valve and into a degasser or other vessel; directing the liquid stream
from the degasser or other vessel to a desired location; and directing any gas stream in the
degasser or other vessel to a desired location. In one embodiment, the liquid stream may be
directed from the degasser or other vessel into another heat exchanger arranged in series

relationship and these additional steps be completed.

[0026] In one embodiment of the process, the Lean LNG stream is directed to a Rich
LNG feedstock storage containing a level of Rich LNG feedstock, the storage further

comprising one or more jet or sparger systems located along the height of the storage to
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[0027] I n anot her enbodi nent, the Lean LNG streamis directed to any stored
source of LNG wherein it is sparged into the stored source of LNG at a
desi red Iwoani2os472p0028] 1 n yet anot her enbodi nent, any @as/ysb@smsiinet he
receiving vessel is transferred to a conpressor wherein the gas phase is
conpressed and then the conpressed gas, is directed to a desired |ocation.
The conpressed gas nay be directed int'do a heat exchanger wherein the

conpressed gas i s, cond ed t rma full or partial condensate Lean LNG
he’ condeRuiiant R RITIG Fieh SN CHed it ghssorad bt SRR B i near o
Lean LNG sdkemoraRidha NG fegi®d to a storage facility. In one enbodi nent,
at | east sonme of the condensate Lean LNG streamis directed to the col um,

and introgeed intg, E&ﬁw?&hﬁdﬁﬂnéﬂt,%é Nén OR@; Heall ﬁrekﬁg%c%&%&éd%% entry

ports to permt directing the Lean LNG streaminto t um at one or
nor e desi pEONGoelzrdinnss sphrgerhintohke tr@bdvurcoof LN6 acollasid loddien.heat exchanger
may be cool ed by an external refrigeration streamor by by a second LNG

stream [ Q28] | n omeye Akl swbddimedt, dnh@agphacds the recev@RodcldOlrghsieNG st r eam
is introduced directly into the degasser to mx with the feedstock Rich
LNG. | n aifbt Heresesodiisaribe 2asiphass scongree s and ten be cenpresed e®é diketdduced

directly 'tdqa{ @esfr&ﬂo@aﬁbﬁ‘. Mhe ctoﬁlgfegs%h %%%g%%té% %&ﬁhegf‘%ﬁt%aﬁ%gﬁ%h\ééeﬁﬂhg ?e or

nmore LNG streamentry ports ong -t e co to perm
di r ect i ngcothpeds®dFas iy @adenseit o fodoea Gl anpartialt coodwnsae LeanriN(delsd coadens™ES st ream

product entry |locatians gl ong the hejght of the | yom. [0030]].n one
enbodi menf"*BPCPH f%f?grt‘éf‘ %SHe(gPC%tWB- E‘ﬂ‘g%‘é‘gé‘}m‘? Eﬁaﬂgﬁ\éés S%@“E%@i ?Jrﬁgreatﬁ
condensi ng, { ig.QVakigath RSNHbIIRAM A%ALRSHe bhBe EAchsR ERaniMNGE; figafst ock
stream does not form any incidental gas. [0031]In one enbodi nent of the

process, theteditethharlywd, dadtintodeced intedmeelomp viagksongpr mored@2s bNGtshreanC2
hydr ocar bor[s in &he Rit%h :}Nth ds R&nﬁ and‘stu staﬁti al lX all of the C3+ as
a NGL, t h&" R S oY Agding s aPEf PR IS 97 AP PP Scessi ng
cl ose to Qicasiabatoadithe abilght oF thd G/ ETHBA ckdhaDRe Gial b6 36dI@INbYOI cxtePal < 0. SW
C . [0032]1n another enbodi ment, the discharged bottons stream conprises an
NGL Pr oduéfrigeratiop pisgagrribaby ¢ sespRhLNGPIGSM. up to = or < 400 psig, up to Cl=
or <0.5%, up to 51%ml C2 or nore fraction. -8-

[0029] In one embodiment, of the process, a second cold LNG stream is introduced

directly into the degasser to mix with the feedstock Rich LNG. In another embodiment, the
second cold LNG stream may be introduced directly into the column, the column being
further outfitted with one or more LNG stream entry ports along the height of the column to
permit directing the LNG stream into the column at one or more desired LNG stream product

entry locations along the height of the column.

[0030] In one embodiment of the operation of the process, the step of cooling and
condensing the overhead gas stream against the cold Rich LNG feedstock stream does not

form any incidental gas.

[0031] In one embodiment of the process, the discharged bottoms stream comprises
up to 99% of the C2 hydrocarbons in the Rich LNG feedstock and substantially all of the C3+
as a NGL, the NGL product additionally meeting without any further processing close to or

substantially a Pipeline Quality Specification of = or < 0.5%v Cl1.

[0032] In another embodiment, the discharged bottoms stream comprises an NGL
Product of substantially with TVP of up to = or < 400 psig, up to Cl= or <0.5%v, up to

51%mol C2 or more fraction.

SUBSTITUTE SHEET (RULE 26)



[0033] I n yet another enbodinent, the R ch LNG feedstock conprises between
1% nole C2 to that exceeding 40 to 50 nole % C2. [0034] The process of the
present dwvechrms®moImay run in a high "ethane recovery" @ee0XSer118TIe) noDde
to recover up to 99% et hane and substantially 100% propane. [0035]In one
enbodi nent, the processing colum enployed conprises about 10 theoretical
trays. The colum has flexible conflg&r ations and preferably is configured

and integ in mul titude of opera | i d, functional, configurations
el ected JUBRt he dp StiprebHoTuRHRgRCHRah | RaRRsheE Smhe rEffnadt | ve

di still at iR @p&m@,ﬁceé@{%@@lt@g@ /bBRer pti on col ums, absorption colums, |ean
oi | absorber columms, fractionation colums, stripping colums, refluxed

Strippi ngaqg)?h]unns Tﬁ?%rdc@@%f g ééeﬁli &Q&l@();kgrecﬁ H]?lsm[aoﬁ}lgﬁ} étﬂan%r}@co‘%&?@d' ment,

substanti y no tail "gas (gas rom condensed overhead stream is fornmed
even wher &Whermore)sna@k ¢ eeovasupli¥dZ? ciand ind shiseasaltyclk) % [O@aad. I n operation of
the process, NG of Pipeline Quality specs is produced, even when the
system i s[0998F at i Ngn iohe dapdifeghthet fronssixtdant emplop@deonf288% ous )0

BRI EF DESCRI PTI ON OF THE SEVERAL VI EW5 OF THE DRAWNGS [O0038]FIG 1A is a
f1 ow di agihsrietifal Faysyshas oglumm bes iflskiblsreonligusgopy grderrelerflygr serfigiisd 28 or dance

with the ﬂft@g?a%g inla MY AL ‘operability and functional configurations selected from the group
consisting of distillation columns, extractive distillation columns, reboiled absorption
columns, absorption columns, lean oil absorber columns, fractionation columns, stripping

columns, refluxed stripping columns, and reboiled stripping columns.

[0036] In one embodiment, substantially no tail gas (gas from condensed overhead

stream) is formed even where there is as low as 1% C2 in the feedstock.

[0037] In operation of the process, NGL of Pipeline Quality specs is produced, even

when the system is operating in deep high ethane extraction mode (90% plus).

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS
[0038] FIG. 1A is a flow diagram of a HYSYS Simulation of a LNG processing plant

in accordance with the present invention.
[0039] FIG. 1B is the detail area 1B shown in FIG. 1A.

[0040] FIG. 2A is another flow diagram of a HYSYS Simulation of a LNG
processing plant in accordance with the present invention adding additional processing

options to those described in connection with FIG. 1A.
[0041] FIG. 2B is enlarged view of detail area 2B shown in FIG. 2A.

DETAILED DESCRIPTION OF THE INVENTION

[0042] The present invention is generally concerned with the practical recovery or

separation of less volatile components from a mix of other components as for example in this
instance methane rich stream is separated from a stream of less volatile components than

methane as may consist in LNG and such streams.

[0043] Also disclosed are designs for a novel but practical method and an

arrangement, management and control of it to achieve such separation while at the same time
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[0039]FIG 1B is the detail area 1B shown in FIG 1A [0040]FIG 2Ais
anot her flow diagram of a HYSYS Sinmulation of a LNG processing plant in
accor danceownt2dnsstze present invention addi ng additional PpTAISe®IIBTI0OPL i ONS
to those described in connection with FIG 1A [0041]FIG 2B is enlarged
view of detail area 2B shown in FIG . DETAI LED DESCRI PTI ON OF THE

| NVENTI ON [ 0042] The present invention is generally concerned with the
practical recovery or aration of . less volatile conponents froma m x of
ot her compBnemeanse i ERR P EMHP ing e e e a R AR PYeHOTE R Bam | &
separ at ed of {h@ Byuipnidnl @M Hertb@HiBg MO kdphtaliGhscomponent s t han net hane as nay
consist in LNG and such streans. [0043] Al so disclosed are designs for a

novel but guacti caly pRhhod d\?\ﬁ%e@rhn@rsﬁ(ﬁﬂg%r%?tin HIRNRGRIBAaRNd«QAtf ol of it
tion e at the

to achi eve such separa sane time -9- providing neans and
di r ect i onvirging degreay imnigwpr aditile almmnaitngammdthane ddsN (g teamd/ ‘oich o€t at i on of
t he equi pnent [

e S PTE YL oS! AR RugRaL B b OEA o B S
possible maintain that phase or form while cross exchanging its cold energy condition to
absorb heat from one of the product streams particularly the lean in the less volatile
components LNG (termed “lean LNG”) stream obtained from equipment further downstream
such as the vapor overhead stream from the processing column or by heating by other means
of heating. This is a particular difference with the present innovation from other existing prior
art offered or provided by others, in that the other prior art provides a design criteria or
direction or instructions requiring a portion of the Rich LNG feed stream or splits of the Rich
NG stream be vaporized before feeding it to the processing column. As demonstrated for
the present invention in the normal Fthane Recovery mode and provided result tables, there is
no vaporization of the Rich LNG feed stream (stream 2) until the system is operated in an

Ethane Rejection mode.

[0045] In other words, heat is exchanged in this heat exchanger (herein identified as
NG exchanger) while maintaining a liquid phase for the rich LNG stream and at the same
time condensing the lean LNG vapor or mixed phase stream obtained from the processing
column arrangement shown downstream from the LNG exchanger; and more particularly not
vaporizing it in the LNG exchanger as one of the criteria for overall control, thereby resulting
in a practical and reasonably sized heat exchanger. The type of heat exchanger can be any of
the heat exchanger systems known in the art. The reference to a heat exchanger can include
an individual heat exchanger or a multitude of individual heat exchangers. One manner in
which to maintain the mixture in its liquid state is to maintain the mixture substantially or
discernibly below bubble point. This can be achieved via the regulation of the pressure in the
exchanger, e.g., by pressurizing the feedstock stream with a pump (or other motive power
system) prior to entry into the exchanger and by maintaining sufficient back pressure in the
system downstream of the exchanger (e.g., at the column or other location or pressure
restrictor) to maintain the desired pressure in the exchanger. Maintaining the desired pressure
in the exchanger permits the system to maintain liquid regimes for LNG coming in and LNG

leaving the exchanger. This provides economy by conserving pressuring energy both in
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varying degrees, in |lower volatile conmponents than nmethane in LNG (terned
"rich LNG') stream fromits storage or transport conditions of but

parti cul avbyoizoguizd form as far as possi bl e maintain tirat/ysh@zesaone f or m
whi |l e cross exchanging its cold energy condition to absorb heat from one of
t he product streans particularly the i an in the less volatile conponents
LNG (termed "l ean LNG') stream obtain from equi prent further downstream
such as the vapor .gverhead stream from t.he essi col um heat i ng
by ot her | HEHT robE gt ShigRfdy Suifedl 4 Bevits SR B "or eson
i nnovat i og,sf R -Ghhessiaxi sting prior art offered or provided by others, in
that the other prior aft prOV|des a design criteria or direction or

i nstructi reqU|r f; its of
the Rich NG st reané e“{é}%‘g% be?%mhgq@]?%%ﬁlnt ﬁ%gesﬁyeﬁ%%g%g%?

col um. Aﬂledzemneﬂsmahdtwﬁl tf e ptothSmpg edent ad nsadny featnre ax atphgicwlar @mtatlﬁlalhane

Recovery de and d.result tables orization of the
R ch LNG FRecE: S0mdB oYLt P f s ey Soeinia T pERBREa ST HIAN £t hane
Rej ecti on_node. [0045 ]In other words, heat is exchanged in this heat
exchanger [Q&k ei n iR 8kt9cesieeolumuche RIOFAYRRTS Pkl NG fiRaeh g Be | i qui d
phase for Lhe il %HLNG stream and at the sane tine condensing the | ean LNG
vapor or mxeé se stream obtai ned fromthe processing col unm arrangenent
shown do am fr h XC r 0

vapori zi ngH §F| n tﬁg Gﬁlgx %%entég%ggg%ﬁéﬁgg U?ual?aé ei')f%éﬁagr d@éf‘% I

control, iMbeieibys sragtdstityng prmva@om@g:mlpaalor antl an@asempliyg GieZed shemi
exchanger The type of heat exchanger can be any of the_ heat exchanger
systens KRB0 P’ha eh dhed NG %@Ch@g@&@ﬁ@éhmﬁg@w Il?é‘&tanéi?%lﬁ%‘@’éhe whe feﬁﬂl:l ude an

i ndi vi d”agtﬁﬁ@?ﬁ @%)% %r tgrfeealmm >?r6éé98ﬁl Qbuhfpdi vi dual heat exchangers. One

manner ta|n ture|n|tsl|qU|d state is to maintain

the mxtu (ﬁ) §]tjb5t arlltuf*t N the (%IEVEEU %nér{wnlldt?s %etﬁ&i/;? ch?srlf'sté)/?tel%/oﬁgljatlons/mea s;fof;agybe

achi eved he regu Ation essure

pressuriz pﬁgudah end/@edsplRak of degamyith tdulanp vemofhe rof @qdiipfmemhwﬁuqﬂamer
systen) prior to entry into the exchanger and by naintaining sufficient
back pres3if¥ operaihe syst em downst ream of the exchanger (e.g., at the
colum or other |ocation or pressure restrictor) to maintain the desired
pressure 1W50he exdhirigentionvainkes dhndasggntpmsticdli indr geangmisr wharess sprac

exchanger mts the systemto tain |i i.mes. for caomng in
ana tNG 1 2501 M FRECoRNIRGE, b ot Dk BT S "Bl a4

pressuri ngqemaingyorb@$ Ndenidnsthfd harerrsq@;ﬁm@vomllfgﬂgtehmﬂg useardé Hhmecessary
equi prent and regardi ng the end PIPELINE gasi ng/ conpressions. [0046] A
provi si onindsteppipaie det txshanag s4riach eareas edudred tof i pchiagssdeaiey Priege t o

feeding tk oper%ﬂg ka(flt}iahjfb@ %fﬁtﬂé‘ﬁ\l@ LOGE35} Ng colum as a safety feature or

a particu ona ure, prior to feeding the liquid streamat a

top or hi Sltl roce55| [ 0ces ing
colum ¢ hitsEle’ | ot s Gy BRI St e RL RSO RE T o
part. [004&j]dntint bedratioh hepa@tﬁ&l&@l@fehmﬁl‘d@rfgt doBipre3d G/ @sorlifR&ssios bbthe DEanfAN i cul ar
pI‘I or art instructions or necessi ty of pre- VapOI‘I Zlng I n part or such

and/ or of MSPRAY Highyppherofe @f &xerlé%ﬁ%sma @#un@rb b Fe-eonyeaing/eadannag Helatly
exchanger , Qc'iigéﬁ ey Je&d@ac‘éfﬁ AYayhy BrcPB b lés fight FrEam
pre-vapori ze JIil%lOI' Ii 39? ee {nh agl’ OCG el’]g1 (\IIO F igﬁﬁu}ot her t he
i nventi onpmemhgle@lumtcdnoﬁﬂh@roﬁaem/ @y@@fmﬁmp@smhia@m/emmaﬂdmm by aejzl cal
and/or sinplicity of design with resultant econony of equipnrent and/or
utiliti esngﬁgytéqon@ﬁ%,ad%lat%lﬁgon column, extractive distillation column, reboiled absorption
column, absorption column, lean oil absorber column, fractionation column, stripping
column, refluxed stripping column, reboiled stripping column, and the like. These columns
can be emulated in various proportions effectively making this a hybrid column with various
degrees of functions of these column configurations with additional pressure swing

functionality or pressure variability functionality to match most effective use of this process

of disclosure.
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[ 0050] Thi s invention makes the design practicable and/or econom c whereas
sone prior art designs or systens or nethods or process(es) require

addi ti onavoubiZassizes or equi prent or as denonstrat ed haveTaseeipeeTde desi gn
tending towards infinite or indeterm nate heat exchange surface areas

requi red of LNG exchanger design or h?re i npractical tenperature crosses in
t he LNG exchanger. [0051] Further, the ' nvention provides

met hod/ pr / sys oper at.i ons/ neans .f or design and operati in

par 11 cul alfUSTGI i RERTRGS oD rRSem ARt RS s PR o P RCEd N RE et hane
rich VaDOEdQ&QQMﬁhmﬂkohhﬁ,ﬂﬂ%%ﬁ&%hﬂﬁnﬁ@&qﬁﬁsQﬂméEm&%&%ﬁ&%hﬂ&ﬁﬂﬁﬂ?%ﬂSIng It
fully back to liquid. The pcheSS|ng col uim may be enpl oyed in various
nodes of deelRlaNG gaurcd peesyyro Oes BINRY 2€ oir WS eeotivé aedr yplers —dhly prggpae of

col umm, such for ml e _and not by . f lim i on, .as i.stillation
col urm, oSl R bR RSO Aot WS by oty @feuft Bl

absor pt i om&edl Prswsurd @ae RILNG 2B GIdE F exeBingbMvia § bakipr@nat taolk@|(38)the
stripping colum, refluxed stripping colum, reboiled stripping colum, and
the |ike. ferAeeBpessiopispbalpy marighilishenignewith Hery dpgasigs 4 ribpeslymbaretabilftect i vel y
maki ng t hi ybri - i I - J ese

Col um cotie A TRLRE IR sl SRR ARRE R Rk Ak SRath b
pressur e veiri labitiond yn ftiencolimnathie t warittoligadfcdolums presfuieaid e clfse af itt hi s

process of disclosure, WD 2012/ 054729PCT/ US2011/ 057106 [ 0052] Hi ghl i ghts of

the presefRCiIVERtY bk ip%ﬁ%@ntr@?ﬁréféﬁ%%ﬁﬁ rembingfontdhacyy s Paffm,

at / wi t hi no,eQl-mR.and0 ¢ I\}%%%Hé CR BT TMYrePBE b th@fexéhlaggep%?ﬁ@lﬁﬁfg hbl ae bl e

variability of the RL source pressure (via punp 22 or other notive power

system - atdioptiprkbgsyes eomdidntite fermppalutadiLN(orast ywponizedt LIONGt wahqut ocess;

t he heat exchanggr 30 gﬁer tionm rggﬁjati@g)irt%rnal pressure of the

RLNG- col d “¥PRfEssBf CasUneih Jup cAnginy op GNP PUQERIEYERIPol 1 er (33); the feed

conposi tign/lent hal py variabilitr options with item degas ser 40; the columm

oper abi | | ﬂg’sﬂmct i onexibilitygintegigief jmghagploy agrl eysismeton sEirashag legvrgitHat i ons of

colum so ; P i ability of
H&rﬁ[ﬁon@ﬁtg &M, Ad JPsh woh&i?gﬂsn tgglg P&@entt%@ of Wb BBcedid}e e\(é‘{lc'nﬂ% y

colum pressure and its effect on at1ons (via back “pressur
cont r ol | emo(ds6is )disctohe, oudr &, Ishavond iheadxitaciingfrej¢diiegr®! atthams tor hésmnedntist r eam 8

and 9 to provide.variabil.i of t essure on the exchanger. nsi n
ot o do: Dt oft e NALLLEh S RhER BT Gaiog it Rkt S8Eor | o
LLNG Wi t hopit NG PRI @5 Sp@ i@l 8 MEXE/NEIL [h £EANMRRY) @l essentially on a large part

equi pent / conpl exi ty/energy. [0053]A flexibility integrated nethodol ogy and
syst em f orlimeatngcthe nigquirmenty off apmpssergrrphend)safyr gan @ Prodiice Iear da¥y wor ki ng

in high p t ag. .| er, e extract] modes i s disclosed, such
s, "show A e 85 Phie T RRR AT SGrGIML I NS TE POk S OE S ocess
(of extr agdprdigciNeanT NG &NEc fvdhh RRhDOIG. r equi ring vapori zation of Rich LNG
(RLNG) prior to separation in to LNG NG in a colum(s) and essentially on
a large pgosqge! i M mat beGE et MmN 9 HeRNPRESH Nlow ARlkenat ) any gas
to produce Lean LNG (LLNG while taking the feed RLNG extracting its NGs
in the prddésmigssingmanenvedmda HEPY S@seftwge bigwhtiDNG agfordqnecwith bepRsesh LNG,

00 f ' . , . 2 h ' h fl ' f
& NG pr otkelfthy B s pATh B0 SR Thec ORI Fihd R st L 207 ©

accor danceywytsy §ifelaRb e Me mOMERIIf AR prdfeel ihadpiies I8 Flfo@e;sg oReligmneont ai n
the operational paranmeters used in the HYSYS (r) sinulations of the nethods

of the pr&amin the\egyrgs dnfunhes dpseakedss fdllowy di agr am

[0055] It is contemplated that the major equipment involved in the process will be:
[0056] A. Feed pump 22 for Rich LNG from storage/transport location 20,
[0057] B. (Optional Rich LNG sub-cooler utilizing LNG “cold”™) 13,

[0058] C. LNG Exchanger 30,

[0059] D. Degasser vessel 40 (optionally can be an inline degasser).
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shown in the Figures is further described as follows: [0055]1t is
contenpl ated that the nmaj or equi pnent involved in the process wll

[ 0056] A.woReexhsprzap 22 for

[ 0057]

B. (Optional Rich LNG sub-cooler utilizing LNG "cold") 13,
C. LNG Exchanger 30, [0059] D 1.

[0060] E. Processing Column (or fractionation column) 50, its internals (Trays or
Packing) and Reboiler (collectively called “Column”™),
[0061] F. Column Bottom Discharge pump,
[0062] G. Receiving Vessel 70 for the condensed Column Overhead stream 7, 9,
[0063] H. (Optionally, in any other contemplated modes of operation, compressor
80 for tail gas stream 11 from Receiving Vessel 70),
[0064] L Discharge Pump 74 for the Lean LNG condensed stream 10, 10A,
[0065] J. Flash, Pump and distribution equipment (not shown) for product Lean

LNG (stream 10A or its partial product as an option equipment to further recycle part of the
Lean LNG (stream 10A) back to storage 20 as “Roll Over” control method wherever it is

implemented.

[0066] More particularly, referring to the figures, an LNG (or RICH LNG) stream 1 is
pumped via pump 22 from a storage location 20 (e.g., tank 20 having LNG level 20A)
through suitable conduit through a valve 24, where it becomes labeled stream 1A. It will be
understood by those of ordinary skill in the art that suitable conduit is used throughout the
flow diagram to connect together the various components as shown to permit (as described)
fluid communication between components for transporting the various product streams
therein. Stream 1A is directed into the cool side of a heat exchanger 30 via heat exchanger
inlet 31, and is discharged out of the heat exchanger 30 as stream 2 via heat exchanger outlet
32. As will be further described below, the heat exchanger 30 has a hot side that is in turn
receiving one or more warm process stream(s), particularly the overhead stream 7 from a
processing column 50. The warmed LNG stream 2, in its liquid state, is passed through a
valve 33 where it becomes stream 3 or 3A. The valve 33 can be used to, e.g., regulate the
pressure of stream 3 and 3A, for example, to lower the pressure of stream 3 after stream 3
exits the heat exchanger 30 prior to entering the processing column 50. In one embodiment,
the warmed LNG stream 3, still in liquid state, is then passed into a degassing vessel 40 via
degasser inlet 43, though no vaporization is anticipated under the normal modes of operation
of the invention. The degassed liquid stream 4 is discharged, via degasser lower outlet 44 for
discharging stream 4, from the vessel 40 and is fed to the processing column 50 at desired
location(s) (using an optional pump 48, as may be desired). The degassed gas stream 5 is

discharged, via degasser upper outlet 45, from the vessel 40 and is fed to the processing
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Degasser vessel 40 (optionally can be an inline degasser). -12-

[ OO601E. Processi ng Col um (or fractionation columm) 50, its internals
(Trays orwBaokymsg)poand Reboiler (collectively called "Cecuwrus2)L1/0f0061] F.
Col um Bottom Di scharge punp, [0062] G

-13-
column 50 at desired location(s) via inlet(s) 55 (and in connection with suitable valve(s)
17D). In another embodiment, the warmed LNG stream 3A, still in liquid state, is then
passed directly to the processing column 50 and introduced into the column at any desired

location via one or more suitable inlet ports (not shown).

[0067] The processing column 50 is outfitted with one or more processing column
inlet(s) 54 for receiving stream 4 at various locations along the height of the column 50 (in
connection with suitable valve(s) 17E). The column 50 is also outfitted with one or more
processing column inlet(s) 55 for receiving stream 5 at various locations along the height of
the column 50. In the processing column 50, the more and less volatile components are
separated and the lighter components (“overhead”, stream 7) predominantly are discharged
out of the column 50 from the upper section (via processing column outlet 57) and the less
volatile components (“bottoms”, stream 6) are discharged from a lower section (via

processing column outlet 56).

[0068] The column bottoms may be directed to storage or end use locations or be
circulated to be mixed with the warmed feed stream or alternatively connected to another
portion of the column (which can be piped to be able to provide inlet to the column at various
stages or locations in the column for flexibility) that would optimize the NGL extraction with

(2 extraction or Rejection mode operations or to obtain specified NGL requirements.

[0069] The bottoms (stream 6) from processing column 50 are discharged (via
discharge port 56) to a pump (not shown) which may circulate some of the bottoms back to
the column 50 or the degassing vessel 40. For example, the bottoms (stream 6) may be
directed into any type of column bottoms reboiler arrangement 60 via reboiler inlet 66. The
reboiler has an energy stream 60A for heat in the reboiler 60. The NGLs from stream 6 may
be discharged from the reboiler 60 as NGL stream 6A via reboiler outlet 66A. NGL stream
6A may be recycled to degasser 40 (through suitable valve 17C) and introduced therein via
degasser inlet 46. NGL stream 6A may also be recycled (as stream 6A-1) to the processing
column 50 and introduced therein via various processing column inlet(s) S6A for receiving
stream 6A-1 at various locations along the height of the column 50 in coordination with
suitable valve(s) 17F. The end product NGLs from stream 6 may also be discharged from the
reboiler 60 as NGL stream 6 via reboiler outlet 668 where they can be directed to a desired
end use/storage location (not shown), or where they could be directed to a splitting junction /

valve 85 via inlet 86. The splitter/valve 85 could direct stream 6 out the outlet 87 (as stream
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Recei ving Vessel 70 for the condensed Col um Overhead stream 7, 9, [0063]

H (Optionally, in any other contenpl ated nodes of operation, conpressor
80 for tawvb2gesst2zpeam 11 from Recei ving Vessel 70), [O0@64jus2ddiisshas ge Punp
74 for the Lean LNG condensed stream 10, 10A, [0065]J.Fl ash, Punp and

di stribution equipment (not shown) f054product Lean LNG (stream 10A or its
partial product as an option equipnent to further recycle part of the Lean

LNG (stre 10A or age "Rl l .Over" contr mherever
Tt s o PahEnPbee Toebs) b rESH D earspend Bt gL oMbl Shkbe.

LNG (or Ri&ih bNGe Shile®aihik theSreBHIPAM dib@e® YiiRetdell Su0IB0 CS Qra@Lsd, Q6 at [ 0” 20
(e.g., tank 20 having LNG | evel 20A) through sui tabl e condui t through a

val ve 24, theipecessing chmomrmbsinil atvetlewd dreresmyir Yaous progessing keluin deelet dd by
those of ?rI‘CIi‘éCQI%{ S ré(alrrll éC at \a}lg‘[)u% l&r i]ons aféh%ﬁl"élhg Et 0? th%%gﬁilHlInth 11? coo?cﬁg tlE) pr oughout

the fl ow di agram~to connect var ous components—as shown to
permt (asifesi@bicherysf17w.d conhunlcatron bet ween conponents for
transporting the various product streans therein. Stream 1A is directed

nto the o) si de pfhedrhieainexshanaeindfnd 2ofgaktnexehanger. dokgt) 31, and
re

i s discharged out of the heat exchanger 30 as s am 2 via heat exchanger
outlet 32 preﬂ@nnwntly lgyeve theraohiam Mefsan ioagpdyetatian (tidpropessing eolmhmng@t 5230 has a

hot si de tur eivin ocC strea

par t1 cul al e hdeiaahotln BF PPl Mo BB SRt T MHPLQeRR S S I "l e
LNG st reamhére skiBarh t7Shecbifiési b@ddaiestrebis P aseMativary ls@dfanm \cahma)eaﬁre%@r e it
becones stream 3 or 3A. The valve 33 can be use ., regulate the

pressure &To@bﬁéalﬁi)@sSah(@()tsghowm)d’r‘heé@ﬁﬁ@fﬁtf@m?&YOlPlé\'RE}aleﬁbStfﬁﬁl@§sur e of stream 3
after stream 3 exits the heat exchanger 30 prior to entering the processing
col um 50[007h one dhbodirwedsireatnhi Swadireeidd LNGhs hotesidnod thedwatlekchianger BQui d

though no VARG RIR o 3 e BR TRt b BaR i n R PR REE R TR ac on

of the i nv@ahii@me IN@edag@ssEd h tmsuhﬁm@lt the @MRrHeat] netiabCh@r @pshsir¥dnd(7degasser
| ower outl et 44 for dischargi gtstrean14 fromthe vessel 40 and is fed to
\Y

t he proces$sig thcotalymn Hpisak or Bl LNGceehapagsy) hesd whép eondeped i8readss punp 48,
as may be %ﬁ@g%‘i’%heat t‘ﬂ@%&%ﬁﬁ& gg%aﬁéd ﬁ;%ﬂ}agg'1§%n‘?i'tcﬁﬁr}é'&"i<99&deﬁéé A §g?sser

upper out f e vesse € processing
col um 50 180% des |LéeﬁdLNGdﬁ1hidc(St(@m )i vehi¢hnis &lﬁe(nSdlI‘e&Ed ()ﬁrlﬂi tlnenex@hnmgacm an with
sui tabl e val ve(s) 17 é3 anot her enbaodi ne rmed LNG stream 3A,

still in Pranegr sttt TEG Lerarl Madtsamd) r%@w %Slrlﬁlé%rt%ééélﬂwa apd| uim 50
and i nt rogysﬁ%' dirdk & lhtgsean&% matsu@éwmﬂle&'rémlﬂg%%l AN RsRDRILT1fTor €

sui tabl e et ports (not shown)
The Lean LNG stream may be moved from the vessel 70 (as liquid stream 10) via vessel

outlet 72 by way of a pump 74 at a required/desired pressure (stream 10A).

[0072] Stream 10A (Lean LNG) can then be further directed to storage or other

desired location (e.g., storage tank, pressurized pipeline, not shown).

[0073] Stream 10A (Lean LNG) may also be routed through a splitter or junction /
valve 75 (via inlet 76). Stream 10A may be directed through valve 75 (via outlet 77) as
stream 10F to a desired location or storage facility for the Lean LNG product. For example,
and referring to FIG. 1B (which illustrates detail area 1B from FIG. 1A), stream 10E (Lean
LNG) may be directed to one or more further heat exchanger processing unit(s) 1C. The
stream 10E would enter heat exchanger 100 and depart as stream 10F through a valve 200 or
other pressure maintenance system (for maintaining the desired pressure in the heat
exchanger 100 to maintain the Lean LNG in liquid form as it is heated in the heat exchanger
much like with the operation of exchanger 30 described herein) where stream 10F becomes

stream 10G. The heat exchanger 100 also receives desired heat transfer stream 99A (which
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[ 0067] The processing colum 50 is outfitted with one or nore processing
colum inlet(s) 54 for receiving stream4 at various |ocations along the
hei ght ofwohel2zsk1zon 50 (i n connection with suitabl e valPee(uspo1l/iE)196 The
colum 50 is also outfitted with one or nore processing colum inlet(s) 55
for receiving stream5 at various |locations along the height of the colum
50. In the processing colum 50, the nore and | ess volatile conponents are

separated and the |ighter conmponents ("overhead", stre 7 redom nant |y
r e d schATHEAnGHEPBRTL R GETE I oS SRR g Eet MsmebT 55 Bbossi g
col um outdeRtirandidrs aRGmhinEnckESdv@ipald bRhSREPINEH SudanP IS @WRich cdf beam 6)
are discharged froma | ower section (via processing colum outlet 56).

[ 0068] The digestadrin obst tasaineray deedli dechdike tvathstigrma e stepemelilly wded inbrait i ons or
be circul £ ixed W th rned.fe rea | ternatively
connect ed%%%%gsglng ﬁ[g?rr?ﬁcéﬁ?\fuilgo‘r’les%eil %p (ﬁg cglqﬁerr%q"?%klla%% C%“aﬁ?e'gée g‘%%cgeé‘ ?a}% %be abl e

to provi deednnle strdnt 1121 &aladirasadan e birRwd ot 8gass@aml29gatsi@ngednnoste col um
for flexibi I|tye9 that would optim ze the NG extraction with C2 extraction

or Rej ect F8hPasp@Eougheaesseind0dto. ¢-&. Biskr Hegpd endrgys dndexit the yes¢l apside s .

[ 0069] The t eSS [ ed (via

i schar gonart e SR o B Ao R T BRere M LB b ASEREEC, 1

bot t ons basik ahdcanherciad dirsoted @ arledifeé labedas sichgs igsipringd0Owitk@as pxdnepl e, t he

bottons (stream 6) may be directed jnto_any type of colum bottagons reboiler
ar r angemefifc? %écre_é G BU FRITBED. ThENKOBBIT 4P KD Y 15t r eam 60A
for heat PRitdRchRRUubELs, 80nlel RN férraﬁéfhé%éﬁ%%hgngép%rop&si &fharged from
the reboiler 60 as NG stream 6A via reboiler outlet” 66A. NG stream 6A may

be recycl deg - i e | I ced
therein v a7%]ggass%§§?%afn§% ’ g@b%ﬁ%ﬁ%ﬁ;‘rj@gﬁﬁgp\a %CQMCSP%E%CQ%%%{:?%F%QH% as
stream 6Audi) chdd bl e ine @gsfimgheantiechang&Opracedsingtufio 0 e dertek daskion. VHoa vari ous
processing colum inlet(s) 56A for receiving stream 6A-1 at vari ous

| ocat i ons S5y heriulgirghict Hreap H@Hdépwwnsl@? MPudgacariher GRtRIEANESTI t abl e
val ve(s) 3fFand RErERYBROHN Hroliabuli AMLEYL K3 Aol 05 Or Bt fiar ged
fromthe reboiler 60 as NG stream 6 via reboiler outlet 66B where they can
be dir ect edinfimame dgstmgtorendnumastho daged |poatre om tfenbdat shdmmger 400 twher e

th I d be.djrect itting.junction / valve 85 vjia inlet 86. Th
Sttt eor Dl e TN f Rukflont buBRHAE0H Rl sithetfer B3y U@ Wb Bl 10T
6A) or oubpdiiRnVitek@an®B 30 ASscHHEERINIH) wihePe RredBS101 SRS atréAN 1¢K0trhe hown) .

The liquid NGs could also be boiled within the reboiler and directed, via
reboi | er bentleschag@T 4 &sa ecepverCdesited thaet pansice steany 986 | (witieh5Gunaled an

i ntroduced therein via various processing col inlet(s), 36C for. receiving
st r eam 6CPPGUS B g CiaCH BB GG ERHEP REP oI aho%SE M Bty TR aflion

coor di nat ifefinaMchérep dhd adpags vahmets J00Lds1skeath GOF Qivhioh tchve b dRERSISH Rghe€ O UM
50, the lighter conponents g overhead", stream 7) predom nantly |eave the
col urm 50 lacatinms ehdesiipPe Mush dike gthsupan prseandPkds &dlinfrnesher) dsgassy of or

di schar gi . gl I 6 to

regul at o SReibFA iR AR HOBN L LRI R ol Bl b oyl WS

Al t er nat i ¥8IGystresih 6B aNT argQuab danbte diiecteC b ds tlvamadla’. Bideosipsie 980 car{ pst  shown)
whereafter stream 7 wuld be | abel ed stream 8, [0071] The overhead stream 7,
8 is diredvaghihy s tehelthie S-S fhﬁléﬂailmé%&rgygﬁqulaﬁb@ﬁ vgtehasaihelitex changer
inlet 38 vhigr gl g[ﬁia&tﬁ@aﬁh%leh%aﬁ%ﬁ{)@% @%ec@@q)ﬁﬁfee@bé&gﬁhsn%a% skl Brgh LNG
streamin the LNG exchanger 30. In this nmanner, the overhead nethane rich
vapor st r eahtafThendk dircaed tohelesioidlomti& such adj hygpinag it witlt fve pkddEtesxeimanger 30
where it is,condensed in cross chan of t wth the cqld R ch, LNG feed
(1) “and 125 GHEFES BRCaubrGuEBhAEned ! G noBbemhre b ERe f FEFY (st r eam
9) which igatdAeBuctiskeft et QtanOfort R yeXmPABORL RN BeRARY R Alék | et 39.
The Lean LNG (stream 9) (which is a (Y:l-I’ICh m xture of liquid and gas)) is
directed bshvmm).ane wilt oy endeisiood agy depgedinumhes of hegceichdngyy prevssselg Upds ey a vessel
inlet 71), The Lean LNG stream be maved from ves 0 l'iquid
st eam 10 i Sre SR Qer AR FRhed, MR dn DR SRR b et e

pressure @il beadiicldA) ond @02 Miaf €@AANLE Prédesdiy dnlIhacan thehedlved @rringed her

directed to storage or other _ N
in parallel fashion. It will be further understood that the various streams exiting the heat

exchangers and degassers could also be directed to other equipment
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desired location (e.g., storage tank, pressurized pipeline, not shown).
[0073] Stream 10A (Lean LNG may al so be routed through a splitter or
junction wovalws428 (via inlet 76). Stream 10A may be dipceatsed 1tobrioagh
valve 75 (via outlet 77) as stream 10E to a desired | ocation or storage
facility for the Lean LNG product. For, exanple, and referring to FIG 1B
(which illustrates detail area 1B fromFIG 1A), stream 10E (Lean LNG nay

be directed t.o one or, 1 t .exc an er roceSS| n s) 1C
The st r eafimbRngara iU LN S OR B e BeREr ae a8 ut Pl ) of
through ajyvaleye véQRiliey iPtie arrRiRmSrt! %oﬂ‘f”gu{htu@ﬁ\adﬁ@emﬁ%%% QN KchOlexdMBAY @i Ni ng
the desired pressure in the heat exchanger 100 to maintain the Lean LNG in

liquid fopreressing tunils Uheanagcbd pmplheedhdae 1éREhangeintamedinligkie (ormhastine
operat | Onﬁgvetrs%xﬁqr g%e :?‘%gﬁﬁﬁ?sg éwﬁgre ht.er ' Q%ﬂgsan%rtge%zgf{ ?%rrs]s&laz rgug(flotges stream

100. The exchanger recei Ves ire r eam 99A
(whi ch SUB&Ibe&dﬁE/]&dEE&hu(ORWEa 46May Uen @ 1zb®vh@ﬂ: hodigmengsnt nfiQbrest r eam or
a hot side stream from another part of t process) which then transfers

t her mal eﬁl@frfg%?l iB{A dhediepeepSEREN B P a@@le%t@n St pEHMCYL BIch ik Bife Beaderhe

direct ed t i tream
10G is fe i %ﬁghec}@ggsﬂsoglp&leaé 5 %IS dir?gc)é%ll t\B//:[Hr;(ts'rg}1 el\‘/ﬂeﬂségteﬁ%g%e?vﬁg? "t%ﬁegl iquid
phase canlitiéstrdaen fded eaheehhaoebtchﬁgeﬂ_\e]ach pdNGits b heanechipht tanchaagy rgalsingan be

directed out as gas st 25A. g ﬁ rea 99C can pass, thro éfq%h t he vessel
300 (to, & gratery %’E]fyer ‘t G Prrceefel %ﬁf)ﬂ “é?(fﬁfa“t ey 858 @I C3S 8 e stream

99D. Gas_§f {-89He ANnGRMWEDARRASSs, R)Pétﬁé}g@a@oﬁ@és\kﬁo%{)ﬁ dehgre it beconmes gas
stream 25B and can then be directed to a desired |ocation, such as, by

joining i th ga t r 128
Li quid sti e 1011§{§an%%% ﬁ)lﬁ rec%éé&?ggalﬁ e]%i(rgfeégte?g@gotfﬁglr\{g%g‘ﬁﬂ]

inlet st reamt IQHsf socarari OB heroe Imatlecemhang&]rcecprn&tes praegssingicolumnBD 744 For
exanple, still referri ng 1B, a second heat exchanger processing
unit coul BrOBESIE SYUNRIRC tShé8 quF%cFlVWéatfeaé&é%ﬁgVéF““ﬁr preEens; ARye ks hetehe i n
series T asiindolufif5o ARk Fon PG p’TﬁkﬂH@&sﬁﬁg"c%ﬁﬁﬂn%'ﬂe&Ne?Wh@ﬁ"t 19
woul d enter anot her heat exchanger 0 and depart “as stream 10J through a
backpr ess mqei/rftdemeits gorating imode,| a/e01$ 0Qarm . NOt (]SlEﬂ!anp it @3)sas ragpaigti intthnerdaen sy st em

(for maint desired pressure in th at exchanger, 400. tq, nmaintain
the Lean ERESHAThF & RnBa R sl s THIHURRELE Beckiol Chuch | ke
with the pealiopls OF REXGRARIRAE oXPeflser | bed herein) where stream 10J
beconmes stream 10K. The heat exchanger 400 al so receives desired heat

transfer &M 99%dﬁtt{§haﬁg £an H@G nﬂ%&%ﬁl@% FehER BUOSr &w’é'ﬁ%?t ream
from anot her part o] rocess) then transfers thermal energy and
departs exualafiférs s&BOn 46C sltODeamh&Qfstz(anDf:lbummMAbes ahy bm:n@dssany) betchem

| ocati ons as deﬁf( fed into

e ey " B Be Bk BT e B Lt OV e S PRt i B RAEY ot b CnG

phase can &rh@f”a 611 ddrecdngdl Iﬁéthocﬁsﬁok%)?dﬂlﬂé\@ 1§&Jn€‘e@ﬂﬁla1& fé@@ln@ﬁ‘}ﬂa@@tsth@an be
directed out as stream 25C. Side stream 99G can pass tp hr ough t he vessel 600

(to, e.qg. leanr BNGfpaedutthbiAneas S@WgWC,aW@) ax iatfurtliee alodssgeproélstt of the Ignr eam

ot 7 eam 2obh Rt BT Ug UG RER AR MR By BB eI Oy 9%

j 0i ni ng i troigt hs th“Q@lU@\'Eer’Sédnﬁ@lrﬂlétH@ t@n SloBRE emGRISIN, QY Cbn(ShpI@BIM 12C
Liquid stream 10L can be then directed to a desired | ocation, such as, an

i nl et strexmmdIgla mrefesspe or et ANG predict EbHARgethipergbeys; aﬁrgedﬁnaﬂtﬂ(r 196t
shown) . r. 4 u t

pr ocessi ﬁ% un(: QCh%ISLMg(% 13&812% g'ﬂerrt]gf;"aZrr{)lggve?eégﬂﬁﬂlongest]hoﬁ% f E‘ 1%9&5,[ w | |

be under sboqﬂtrgeha(tZOBemC) hNCﬁlISﬂ’feﬁalm Z(DEThaypakgeddtN(e@tcﬂdctthomeC @hn bor e heat
exchanger processing units that are thensel ves arranged . in parall el

fashi on. - {TrogReeH B GHB halr baHIEPE e tinal L8P @@s &k aneuss « i ng the
heat exch I d|r C K | prent
SUBSTI TUT%N%E%%’Q?%S%E&%E? bRyt co%ﬁnﬁ)ﬁg?@%pﬁl o ?%‘g’c/"‘é% P%%? |S%£§l ki ﬁui d LLNG
and gas abtoeessetthaNGetgadweﬂ@A la(l(?:, 10Bs cauprising tdfi evapori sdipr élﬁtlldVﬂHSEa)fiﬂhiiity in

t he af fange confi, bon and unber ﬁq‘?é’\eat exchanger processing
units that" %? B@C%W1 ‘Ef Wé‘slt_clf Uiagtlt a8k #h 1iquid formas it
traverses through t he exchanger(s) (where it is heated), and then after
passi ng through the backpressure/level control valve, it may then vapori ze
where the |iquid/ vapour m'xture is directed into the next degasser or a
vessel or a collection of e nment. such_as a pipe header, etc. Wen the
liquid fromthe degasser is %éf&l&‘ﬁ PHEETdRYLE: 28l at exchanger, this
provides a liquid streamfeed to the heat exchanger which permts a nore
corrpact exchanger resultl ng |n great er econony. The heat source for the

o, o o o



[ 0076] Addi tionally, Lean LNG stream 10A could be diverted out of valve 75
via outlet 79 (as stream 10C, 10D, with assistance of punp 74A as may be
necessar Wobkaksinost orage tank 20 to permt the Lean LRGrseduwms7io this
invention to be recycled to storage as part of a "roll over"™ control

met hod. For exanple, it is contenplat i;/:i spreading a part of the Lean LNG
product 10A (as streans 10C, 10D) as further and part product of the Lean
LNG fl ash product, of a roduct of iS.inventi ch can be
Feoycl ed 172 or aga otk g REORRE oo PuRt B Tl RURRG: nor
enbodi Menyjreckdd fhdin ERAVAIREALIEM, SRrRALI U@ PBHRIFL B0 Wia cOapBdoLiNe: Pr oduct
10A, 10C within or abové a stored quantity of LNG (such as Is stored in
tank 20) &% Vﬂ@reraft@ftheacmrpwss;ed@wrear@éﬁ@m@geSrfmm@unmsa)rdweméet Ropémpet s or
spargers C) wi.th e nk 2 Th r.ge NGRI A, 10C
con be 1 ntf dmsedd o Rably 0P UnBtoro8 e RS el SRR Rl L
(e.g., inc@rﬂ[s}lsss&(g()havi ng LNG | evel 20A and one or nore jet s/spargers 20B,
20C). Also, It is contenplated sparging a processed LNG product 10A, 10C,
10D conprigy7gg of vRRAE cameditend (r&k‘ﬂn‘ﬂ% b agg. oh, tF‘[U}SQ@U %g&mqg 1RAYOBESS,
within or above a stored quantity of LNGin tank 20

[ 0077] Addiliréctndantd y hegtekehangen GDEH ia indpt P b tredool sigany é%s@llle Imp LiN&i ¢oolgas st ream

11 may be dlrect fromre e|V| 0, via.outl 73 1| a

corpr wssof eyt a8 CRTHBEEEh HIPu AR o Cpulb uRbn B ol Hidufogas
stream 12nRfRM gRag merﬂr@mmaﬁ@ﬂeml@dwaIdeilreazooaﬂ@h dRYhah@c dirt@et @ to a
desired |l ocation. The conpressor has an enerqy stream 80A for driving the

conpr essofr@n. 131otpghe meged W&%@@%HB for eqceeling g the propesing golupp 0. 2B) |
stream 12 i nl to cool
St 1 oam 12 O0haE 8 SRRk R SRR okt 4 Refho IE e

out | et 92)odiaylitke 1dAy BBt tegroyals csdliream 12C) to be rrerged along with st ream
10A and delivered to a desired location, or nay be directed (as stream 12D)
to be nergwdowi th gi raﬂ@tﬁkrlglﬁbddﬂﬁerﬁefoycéxhiﬁ?let @nd R€fe@in® e SEIGN IR @Whioh S0.
Optionally, the heat exchanger 90 may utilize an external refrigeration
option 14lusipes dewil\ares 1BGBIRKIG. |1Ahé§ea1mb2 mavi B diggcise dypugk vekye P%Lhwherf 0079] I n

eroser STORGTE o SRRl MR ) SHADRSPUSHE AR 1 o1

val ve 900pmraeothérgbemm5stgms PIRdRC bis (&fscrrﬂﬁdmﬁb'&é\ where it is directed to a
desired location, along with potential other gas product streans 12B, 12C

as descri l[msopbove AdiRRRATy A db1ll T NTRhedm 13 (6:0btRerlddFed tcbRaMabd sGaY asOh her
desired cold stream such as, a lean oil extraction / absorption strearr)

may be i nleep@icsdadiag 6al@8ﬁ@tln@attrea@>kémﬁarhgeﬁtr®@ce(d\ﬂn@ thérhest exhpnggh 80 ¢it ect ed
t of th S b
Giverted 0 2 wRRRARH of s ReR Ml Bl Ao RETeAR 45 3SR Balnac et on

with suit ablieenal desticaR. 1531 ﬁﬁamhehﬁagm 4l ¢n iber ¢nriecbe@edoasvigt suiale 158) (i n
connection with suitable valve 17A) into processing colum 50 via
processi ngA¥oIl (Bm Sfreaned gy sdporhsy ditegled (45 SHEAMR tl PR tA srmegiton iy B1ifabl¢ ocat i ons

aong the il gt ifh fda&s@g'caﬁan%{a' wﬁﬁg%ﬁtﬂn‘q{l Y\égfsb'f&%c\ét% Al shown) .

Al t hough only o I's shown e 1n at vari ocati ons
along t helﬁléagtalmouﬁ lotdtiencadbdngnthe boght df e ce}mpincﬁy)e(dl dsepcianbn wdhwelve(s)rr@am 15B
into the colu Etre m13 can lg&a str ea e.q. but not limt A -rich
or a C2-r RN gr PRI [0 poley ST Showp, 18y 1%16 PG af YgEOBY logatiopsy OIL *whi ch
can act a%ngﬂﬂ%fﬁfé%lhﬂﬁ c6Qk H8EmBbYAAMnHS AL ¢ "st%baﬁlol@@eiﬁ'té%eada}ﬁniﬁa@%én I stream
12 in the heat exchanger 90 to give a partially or fully condensed stream

12B. [ 008tjnShe esiream3e.. rbuan@tlhmtedn@sﬁlam&le@ adr2-wetbadi Genitsor Hd-ricodr &i mi t ed
to, can be Ig%m&l(g allf‘uea{l ﬁ@?ﬁgl&@h canael asohe cooel"trjlg %(r)lggrrstrge{nrl it t(t) cg&der?s%%nbe used

to cool sf'f
vapors in stream 12 in the heat exchanger 90 to give a partially or fully condensed stream

12B.

[0081] Stream 13 in another instances or embodiments, but not limited to, can be a
what is termed a “Lean Oil” absorber stream that can be used to cool stream 12 in the Heat

exchanger 90 or in another instance, bypass the exchanger 90 as stream 15, which in turn can
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exchanger 90 or in another instance, bypass the exchanger 90 as stream 15,
which in turn can SUBSTI TUTE SHEET (RULE 26) -18- be another feed streamto
t he proceweiznp/set2anm as stream 15A or stream 15B t o af Pettusexitiosanabé on of

| ess vol atile conponents fromthe VLNG RLNG or be used to control

separ ati on behavi or of products and o%rati on of the processing columm 50.
Effectively it is an optional part of the inventive disclosure and

enbodi nen that is used to additionally or furt contro dr gocar bon
et ur o o bbb dhneRay: b e HEE Bt sit 5K b SRheY a1 A8 T
bottoms (gkreah 6A 145 k) cafigonbifiedrdnp Rl VENFRENGCATIOSKid &N cbfird he
colum or separately directly fed to the colum via various |ocation
connect i opgpaiaiion behavoll afrprodyeie anchenezptior olothe prsessing agunh SnEHeativelgiohst r at ed
in Tabl e gﬁ oétpoglglzﬂap‘nof%é i%(lerﬁﬁ!ve {ligglrslu%ee{n%tel %Q%i%ﬁtl i i]s‘4 Y to%rdalﬁ/ibrgaﬁ)q ot N whi ch
may conprisetany ST na M HEY A A S BRI SOCHET K PG e %

ref ri ger afirig/ @aebli 1ygrodirb@amix(ukd &parkddd) behhadrs ao@b ol sigfilaeamib the t he
exchanger 90 producing a condensed fully liquid or partially liquid stream
12B. [ 0088pImsR batigsest ¢sBeany Al ¥ Sdandithesedilo kg legslesomppationolo thieolpme 9ent

: ti . . i o ot it h
process 1 1SiSRLIRER 3 (F bl Lalohe e RhétRob N SRORRERA B £ g
to the tomstaow obfeselaatshdwdhmel detbastheblireTableber and Fi gure numnber

[0082] An external refrigeration option 14 is provided in which may comprise any
other material stream of choice which is a refrigerating/cooling stream (14A, 14B) that cools
the stream 12 in the exchanger 90 producing a condensed fully liquid or partially liquid
stream 12B.

[0083] For a better understanding of the operation of the present invention, reference
is made to the following Tables in connection with process flow diagrams illustrated in the

drawings.
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0- LEAN LNG

i nventi on has been

[0087] C2+ rich feed Rich

t he

| ean LNG product
0- NG. [ 0090] As seen fromthe anal ysis of

!

SR Tean 0

t hrough to Tabl e 6,

(Description
BRaf gpdl

r oduc

and the Stream | abels on the second row are shown. The 3
s

streans shown in this Summary of Tabl es above are the Feed Stream ("O0-RI CH
LNG' al sowoebevoser?ot o herein as "RICH LNG') and Lean LNECPrusduatsBné eam

("0-LEAN LNG' or "LEAN LNG') and the NG Product stream ("0-NG" or "NG")

results.

are referenced,
[ 0086] Key:
LNG = 0-RI CH LNG (Liquid) [0088]C
i.ch NGL
1@?@4 LNG

[ 0089] C2+
stream "0

)
(@) e Y— W
— o~ — n O (@]

— m (7] > O —

© LL Y— (O e] C oy
o0 _0 oO.- - @©

cocn OuwT o) n

N wnwllco- oo c =20
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ot o N O |® = Loog .— no@|~ ~ 00s]|ncs 0.05 0.00 0.10] [nca 0.08 0.00 0.13

ST T 1, pol 2 SolS S 002 [cs's 001 0.00 0.03| [cs's 0.02 0.00 0.03
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*Tv _yaﬁmrafmmv.w i mlp N a % =7 .” e VOLFlow (Ethane) VOLFlow (Ethane)

,m,_UHﬁmwu_@i L OC € 2389 OEr P Brea.17||barrel/day] 142556.61)  8138.67] 134475.94] |[barrel/day] 202278.20|  7859.77| 194437.13

[vaty @ Eropanes — | - o O =|o @ VOLFlow (Propane) VOLFlow (Propane)

QuFret] @ © N0 355,49 _ Rag3|O Bioaag| [parrel/day] 89321.06]  1059.51]  88268.67| |Ibarrel/day] 75459.14 589.61]  74870.88

~Q ,—_ 0O _C 0T+ O & ” , ; , ;
e i
[l el o) el d) [ I O OB ] a | : . i :

O TV O C ¥pla-pis O —— >~ , TABLE 5 - FIG 5 - FAILED CASE TABLE 6 - FIG 6 - READJUSTED CASE

WS D Mdme, 0-RIGH QN G| cmmmm:m m oGL | Name 0-RICH LNG |0-LEAN LNG|  0-NGL Name 0-RICH LNG |0-LEAN LNG|  0-NGL

SvaPoufrasion D 510 | gor  CoBdlZ o 000 [vapour Fraction 0.00 0.00 0.00| [Vapour Fraction 0.00 0.00 0.00

— O 260000 — -97.8 P +162.21] |[Temperature [F] -260.00 Temperature [F] -260.00 -118.37 121.74

“ ~ = Roal = 53000 -555.00] [Pressure [psig] 10.00 550.00 555.00] [Pressure [psig] 10.00 600.00 605.00

u b 1098602.65] B0£87.94|— 53482.33| [Molar Flow [Ibmole/hr] 109804.69 Molar Flow [Ilbmole/nr] | 109804.69| 98516.48] 11333.33

= @395 ToR[ g & ooi]la 087 c1 0.87 097 0.01

nwﬁ NVDRIC - Y3l >0RT O g4l 0.09 Q 0.09 0.03 0.64
") — NS — — N - — \"J ) [ — —

FE T . O @l 7018 L0 o 021 ]cs 0.03 3 0.03 0.00 0.26
e, =S ==08 0 g & 7|2+ o0s||ics 001 ica 0.01 0.00 0.09
i > .o aloS oo o OPB.W » 0.15] |nca 0.00 ncC4 0.00 0.00 0.00

ace =9 - 2 BH— oBD= - 004|[css 0.00 Cs's 0.00 0.00 0.00

o S = O C |0 _— QP 2 ool — 005][co+ 0.00 Co+ 0.00 0.00 0.00

W ey, — - s od Ss el o VOLFlow (Ethane) VOLFlow (Ethane)

CpPrel/d — D u— Iu.mmwm.m.ﬂ RB9683,20| Y138357.21| | [barrel /day] 56796.57 [barrel/day] 56796.57) 15135.38] 41754.11

=S 0— O1= O "2 B s = i e —

VO | ew %ﬂon@& CcChHhac o clo.— VOLFlow (Propane) VOLFlow (Propane)
Dot O S 5 wsase.18 110108/ — Siis70 |Ibarrel/day] 19270.43 [barrel /day] 19270.43| 158535  17709.47
EC>0 —mOO>N_OT OO

V- 000Dy -0 CCOCOLLC o

QO ® O na V.oCBC._ - ©E

c dSe.I.rwm.ndn] ©

O+ cldl_ o 00 O3St C o

—3 Qo430 —0n_-000D

n O SN ODONOCOV_ OB OOO.— ®

(U} ol._ v_COo0OO0OLC CO.mi

SUBSTITUTE SHEET (RULE 26)



[0095] First row indicates the Table Nunmber. -22- [0097] TABLE 1A (in
conjunction with the process flow diagramof FIG 1A) shows the processing
of LNG wiwb 20#4082720n an Et hane Recovery node, resultingPCm/is201@05Mesy of
81% of C2 and 94% of C3, with the rest of the conponent recoveries
reflected in Tables 1 and 1A. Regardi 9 the data in TABLE 1A, (and in
reference to FIG 1lA) it is noted tha stream 2 is naintained as a liquid

with m ni reflu st.ream 10B, vvi in Lean
'NG and BUBSE £ oo ReEES BTh< P s b TR St 1R e BulRon ' o
required hRrefeRhéed SindRNSedmMHe&RNnGRNscBdtrb® drel sHEWn. aTIES ifeh BRLHOOR iBY St €m
and pipeline much nore econom cally at a higher pressure with just sone

addi t : on fis fremmnarapldlabterpbays gicdhe Fogd Siyenm (hi)tylli@lrl I{hiCé@ésg referirdd tlbgypingsl.  For
Chor oby i TEIGLEG 1434 FRFer ey S0 P AN BE P U Rl E T St e

5 refl ect §A Pro@icadutelin (SENG@BMIPINIA f REuldapor to | eave |f any gas degasses -

so al ways a Vapour Fraction of "1" - a sinulation streamvapor and liquid
fromany ymsse HRe N ®kescriph@f Stk amd) | :0w quantity” in stream5 - Ml ar
Fl ow - the dash (-) means zero. -24- "[0099] TABLE 2A (in conjunction with

t he proceEﬁ)ﬁﬁl ow d'@Q&ﬁﬂe@ﬁgﬁlh%N@Ab KOAYSNG hﬁﬁjﬂ& OCGSSI ng of LNG wth 22%

C2 in an ane Recovery no resulting in ecovery of 94% of C2 and 99%

of C3, w L[R)s%]he re?lr?cﬁleaﬁf.ﬁ‘éﬁ;&?@gfené gﬁ&oﬁ’ﬁé' es reflected in Tables 2 and
t

2A. Regar t he ain (and’in‘reference to FIG 1A), it is

noted tha eam 2 alnda quid with mnimal reflux (stream 10B,
with > thimﬁé]% dzﬁ?@@ﬁﬁfp&u@‘éﬁl@ean LNG and 0 bottoms recycle

(stream 6A). No conpression/yeconpression is required for stream 11 - which
Can bo 11 QPPN oo e hoat hombyscanirany BRIGT N icblior Bna8bon cal | v

at a hi ghey,|pgems ‘rHv@nti%thH bééﬁtdeﬁél{gﬁ i@ iate! @Ncpofifidts RTNEH PSR IHION tO

even hi gher pressure esired
+/- 1% stored at about atmospheric and more particularly approximately 10 PSIG and -260°F

to a C2+ content range that extends even beyond 32+% (shown) and (not shown) beyond

even 52% Mol of C2 stored at 10 PSIG and -232°F.
[0091] DETAILED TABLES for all relevant streams:

[0092] As a means of the explanation of the Figures, Tables 1A through 6A are
provided giving more detailed data description of the parameters for the design and operation
of the process plant. It will be apparent to one skilled in the art having the benefit of the
present disclosure, that the present invention could be practiced by following the present
disclosure of the diagrams/Figures and the accompanying data Tables. The current disclosure
is indicative of reasonable assumptions typically made by those skilled in the art, including
rounding of the data, ambient conditions and heat losses not accounted and not shown but

contemplated where required.
[0093] Key:

[0094] The rows showing label “Name” is for Stream Labels in that row and which

are directly referenced to stream data from the FIG. 1A process flow diagram.

[0095] First row indicates the Table Number.
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-26- [00101] TABLE 3A (in conjunction with the process flow diagramof FIG
1A) shows the processing of LNGwth 32% C2 in an Et hane Recovery node,
resul ti ngworoe/oserovery of 96% of C2 and 99% of C3, w trCTlusS201@967106 t he
conponent recoveries reflected in Tables 3 and 3A. Regarding the data in
TABLE 3A (and in reference to FIG 1A), it is noted that stream2 is
maintained as a liquid with mniml r b1 ux (stream 10B, with > than 3% C2 -
as sane a inL and 0 bottonms recycle (stream 6A). No

conpr essi z%%econpﬁggh&i&gﬁrequi red for stream 11 - which can be tied into a
gasi fication.syst.em.and. pi-pel.ine.mich.nore..econom-cally.at..g.higher
pressure vBtdH § B3 o ~addig |mor§ & h&6 éﬁnai §o@p8essﬁ30§ §03e®en hi gher
pressure i @Ie5| Ted. -28— @l@S] TgBEE 4A (in conj unBté ol @i th the
process flDwr di agram of FI G2 £AE shows Ehe processing of £NG #ith#32% C2 in
an Et hane: &cmtrol | ed Re; ectn:om ﬁu@e eesul tingin a I‘eOﬁVEe% g)f @%of Cc2
and 89% ofZ @ with the res@ of:tﬁ’e”cenﬁonent recoveries reflecged Tables 4
and 4A Reg&r:dl ng the data i TABLE“’4£ gand in: referenc& to FI C‘I’ :LA) it is
noted thatZsfream2 is rravr nt:‘ar ned as a Bi qui d with m n|~mal refl ux,‘j(stream
10B, vvrth%§han 25% C2 - as same as eza n Lean LNG) and a: partr cul ar

bott ons r@y%l e (stream 6A). No corrprésé‘rr on/recorrpressr on requr red for
stream 11 ---whi ch can be tied into- a~gasi fication system and--pi-pel-i ne nuch
nore economi cal |y at a hi gher pressure with jUSt ‘some addition of heat and
conpressi gn &0 even hrcgher pressurejt desr red. TABLE 4@\ refl ecgs the

addi ti on o§'§ %ipyufg:lce S earas 6A @sul 1‘:::] g;gor Eb a ehangr taggof Ni- =

ent hal py/ carpasis i TR & rsegylgt 8 i nisen® ®apok ZqBast ﬁtg"ot@a@ fI ows out
as stream5 (which is a vapor streamby default froma " separ atgr/ vessel "

in simulations and is: al ways Vapour Fra,(;tr on and so a "2" and tEe ot her

si de St ream 4 g)yp cgfgtﬂ tO =3 aI V\»a,_y$> & l:i q;ugdg—g"zg"; °Vgpgug Fracgian.
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WO 2012/ 054729PCT/ US2011/ 057106 -29- [00104] TABLE 5A Ch CD CD CD 00 CD
CcbCcObCh CDCDCDCD LD
WO 2012/054729 PCT/US2011/057106

0.

[0097] TABLE 1A (in conjunction with the process flow diagram of FIG. 1A) shows
the processing of LNG with 1% C2 in an Ethane Recovery mode, resulting in a recovery of
81% of C2 and 94% of C3, with the rest of the component recoveries reflected in Tables 1
and 1A. Regarding the data in TABLE 1A, (and in reference to FIG. 1A) it is noted that
stream 2 is maintained as a liquid with minimal reflux (stream 10B, with < than 1% C2 - as
same as (C2 in Lean LNG) and (O bottoms recycle (stream 6A). No
compression/recompression is required for tail stream 11 which can be tied into a gasification
system and pipeline much more economically at a higher pressure with just some addition of
heat and compression to even higher pressure if desired. For example, referring to streams
1A, 2 and 3, the vapour fraction is zero thereby indicating that there is no vaporization of the
LNG stream. Stream 5 reflects a “default” stream/pipe for vapor to leave if any gas degasses
— 50 always a Vapour Fraction of “1” - a simulation stream vapor and liquid from any vessel.

However, there is no “flow quantity” in stream 5 — Molar Flow — the dash (-) means zero.
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OO COD CD0O0OCD CDO1PPCDIO

CD co

PCT/US2011/057106

WO 2012/054729

23-

TABLE 2A

[0098]

TABLE2A-FIG 2

- O-RICHLNG | O-LEANLNG : : : ‘ ; : :
Vapour Fraction 0.0000 0.0000 0.0000. 0.0000 0.0000 0.0000 0.0000: 0.0000. 1.0000:
Temperature [F] : -260.0° -124.1 146.8! -260.0° -260.0 -187.2 -186.4; -186.4 -186.4;

VOLFlow (Ethane) [barrel/day] =  142556.61  8138.67 13447594  142,556.61 .  142,556.61  142,556.61 14255661
VOLFlow (Propane) [barrel/day] |  89321.06 . 1059.51  88,268.67  89,321.06 89,321.06  89,321.06 . 89,321.06 |

vvvvvvvvvvvvvvvvvvvvvvvv e

9 W 10 108

VOLFlow (Ethane) [barrel/day]
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CD CD CD CD CD NJ PCDCDCD CD

WO 2012/054729 PCT/US2011/057106

-24.-

[0099] TABLE 2A (in conjunction with the process flow diagram of FIG. 1A) shows
the processing of LNG with 22% C2 in an Ethane Recovery mode, resulting in a recovery of
94% of C2 and 99% of C3, with the rest of the component recoveries reflected in Tables 2
and 2A. Regarding the data in TABLE 2A (and in reference to FIG. 1A), it is noted that
steam 2 is maintained as liquid with minimal reflux (stream 10B, with > than 2% C2 - as
same as (C2 in Lean LNG) and (O bottoms recycle (stream 6A). No
compression/recompression is required for stream 11 — which can be tied into a gasification
system and pipeline much more economically at a higher pressure with just some addition of

heat and compression to even higher pressure if desired.
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-32- [00107] TABLE 6A (in conjunction with the process flow diagram of FIG
1A) shows It shows the processing of LNGwth 8 9% C2 in an Ethane

Cont r ol | esiORej2e38720n nmode. Wth respect to the data i n PABILE2@A0§ENE i n
reference to FIG 1A), it is noted that stream2 is maintained as a liquid
with some reflux (stream 10B, with > an 2% C2 - as sane as C2 in Lean
LNG and O bottons recycle (strean16A%f No conpression/reconpression is

required trea - ich.can be tied intq a gasifi [ stem and
i pel 1 e MR or o TS G B Foty ot F roo BeB R o thLED ke

addi tion @f feadinnd LNONRIRESSE 00 if £ BYeR li?:'c@d%g,r mBdeC RS, infa rBl@SEH0H. One of
the practical aspects of the invention is, and it being one subject of the
i nvent i onP0%AC2tand Pred ik withale ey ob hechangred! reegveri¢sereBsiedrin Takleshown
(FIG 1A T 16A) ..faor. th t tq. | er form ct ed,

W th ot et rs Retbiuar See oG RS PEE AL H BBGTIRRG T
recovery eteadd?bsahaift@ncined a92odobitHGRininM] tréTiik i rea ASIOBOYith BehaBTpoDent
recoveries reflected in TABLES 6 and 6A. In TABLE 6A, although streans 4
and 5 aresd¥dowts at2presdgie bNGE6@ndhsilg hotloms mesyelal |(§;rebl@os@3d t Nowhat ever
pressure L res f. | erat | ! : een
605psi g i%aﬁ%?§k%g§8&§%§%EJ%ﬂLghd%%ﬁggﬁbuprgﬁgggﬁﬁggggfﬁﬁﬁgg?ag%@ggig).

Thi s is aspanpindgiyetnd moth mos ecabychlly at athighespmsh@twitjuatohdsldd@hwim, bit

it could have peen shown explicitl as. nomnally shown for the TABLE 5A
(555 psi ggor C?@“%%@hWﬁV%HggﬁfWﬁ%u%ﬂﬁgﬁﬁﬂpsig). [00108] I n the present
invention, it is desired to have the pressure at stream 2 sufficiently high
so there is no need for boosting of pressure nentioned, as at the valve
there is stream2 @693psig and the valve will control the pressure drop
fromstream 3 pressure to provide sufficient pressure for streans 4 & 5 -
nomnally at 605 psig - to supply flowto the processing colum at pressure
600psi g. [00109] As noted above, FIG 2A is another flow diagram of a HYSYS
Simul ati on of a LNG processing plant in accordance with the present
invention. It illustrates the enploynent of additional processing options
to those outlined in connection with FIG 1A and Tables 1-6. Specifically,
FI G 2A adds processing options related to introduction of a cold LNG or
other cold desired streaminto stream 12 as descri bed above. FIG 2B

provi des an enl arged view of detailed area 2B of FIG 2A (but has rel evance
also to the teachings of FIG 1A). FIG 2B illustrates a detail of the
processi ng colum area and exenpl ary optional connections thereon for
receiving various streanms. -33- [00110] The current process paraneters
adopted for this disclosure are traditional British units. Though not shown
for this disclosure the use of SI units is anticipated and contenpl at ed
where required. [00111] For conveni ence, the Tables reflect all Stream

Fl ows, Tenperatures, Vapor Fractions, Conpositions (shown in Mle
Fractions), and further including volunetric flows of the two key
conponents, C2 and C3, which are used to eval uate Recovery Perfornmances.
The typical paranmeters of neasurenent are indicated within the Tables.
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[00112] The present invention permts flexibility in optim zing the

processi ng colum operation in its nodes of operation. In Ethane (C2)

Rej ect i orwordey/osttre processing columm is optim zed to protmseoimosAOISEL hane
C as an overhead stream (and | ess C2+ in the bottomstream. In Ethane
Extracti on node, the processing col un‘g s optim zed to produce nore ethane+
(C2+) fractions fromthe bottons stre f The use of reflux stream 10B
permts r oduc met hane rich liquid to the processing colum as a
refl ux tof@g{’ﬁm ze%@%‘%cessi ng colum, to increase or nanipul ate the
purity of .the nethane over heados_rr am 7, or. to.incregase or . goptrol the C2+
fraction id $Hp %@tﬂbr@s*trﬁeén% Fhe @ésénﬂ BnZeft ok Ee@r@t% many points
of flexi b|$|§y and control fﬂ’orc @ er at%ba“-al optl mzationZ Jhe ¢ Dr ocessi ng

col um mayz b optim zed (vig %efg r&f Eux, bottons recgcked $o sfift the
C2 fractigh ¥n the col um t e exi% g I;eoc@ umm as par t ofﬁtaﬁe_oa/eyread stream
(C2 rejectzad m)de) or as p@t Of "tBes 2hat t ons stream((ﬁ extracgi®n node).

A typi cal g&l@ speci ficati ongseeks t8 Eg‘ove C content £o0 Less Than 1-10%
Wth the pf egent system the O contest 3of the NGL ‘stream can be ieduced to
| ess than %5% System pr essure pl ays<a3key role in this process as is
outlined ish ft"he TABLES. [00113]It i s £ofit enpl at ed a process for separating

| ess vol ati i e Corrpounds fromnore volatile corrpounds “morefparticul arly

hydr ocar bon for: exanple the corrpounds.d ess vol atile than nmet h@ne, in an
LNG strean;t( egeg,rbc@ged "B ch LNGs) 2 EOQ,llA]DI bs cgn%errpl ate@ to take an
avai | abl e HoE ral2 v Ipw ﬁﬂ:%@nﬂe 'acrg/ogéhEbOf ge& ENG ang BunpkiE o a hi gher
pressure. $ODFAISY IR & S ot emsl at & t reShfgher pr 8sSuFe~LRIGsErBam 1A i's
punped to a LNG Exchanger 30 to cross exchange heat with other strean(s)
(e.0., str%a‘-rh 8. -34 JOOdeLG]It i s, @ﬂer’rgl ated the cgld stre@gmis the
Rich LNG (StZeams .c-i S E & & the, @rmsstd gam EsSapynok £he gteans from
further dmm@mmc&@e{ e,s)g ',:rr@e Fakt B8l & BJy._xl ) ﬂhaosolgjs§aﬁce t he

over head vapor stream 7 fromthe processing colum 50. [00117]1It

cont enpl at,ed:t he Rr ch LNG st ream 1A E g, heat ed iint he LNG exchanger
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30 while maintaining it inits liquid phase and state. [00118]It is
contenpl ated the LNG exchanger 30 to be of any particular suitable design
or net worwoabi2setrzangers. [00119] 1t is contenpl at ed feedcmgistoig/osmnéered Ri ch
LNG stream 3 to a degassing vessel 40. [00120]1t is contenpl ated any vapor
(stream 5) fromthe degasser vessel 8 be passed to the processing colum
50. [00121]1t is contenplated the liq %d (stream 4) fromthe degasser 40 is

passed to pper n.of the.proce S|n

cont enpl a_{@gog dr aﬁﬁ%@%%“f%%@ thwith, BQQgQS%W%gWOf[b@&t JZ)‘%LSIQWS bott om
stream 6 iR f@@b’é@ﬂ% dt QN@@M@@%@% ah $tHaRAMd RN PRejéetRRndle, irBuling it 1 umMm
(stream 6A- 123 is contenpl ated the degasser 40 can be a liquid

full Vess@cowﬁgep%&,%o Q%@nd &% ga& 3. withetho skl the component recoveries reflected
Tables 4 and 4A. Regarding the data in TABLE 4A (and in reference to FIG. 1A), it is noted

that stream 2 is maintained as a liquid with minimal reflux (stream 10B, with > than 25% C2
- as same as C2 in Lean LNG) and a particular bottoms recycle (stream 6A). No
compression/recompression required for stream 11 — which can be tied into a gasification
system and pipeline much more economically at a higher pressure with just some addition of
heat and compression to even higher pressure if desired. TABLE 4A reflects the addition of a
recycle stream 6A resulting in a changing of enthalpy/composition. This results in some
vapor “quantity” that flows out as stream 5 (which is a vapor stream by default from a
“separator/vessel” in simulations and is always Vapour Fraction and so a “1” and the other

side Stream 4 by default is always a liquid = “0” Vapour Fraction.
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[00124]1t is contenplated the degasser 40 can be of a sinplest of device to
what ever is dictated by the conditions. [00125]1t is conpleted the

processi rgocoi2umm280 is effectively a reboil ed absorber pcorgsb@ti@smné h t he
processing colum 50 and a reboiler 60. [00126]It is contenplated a stream
(10B) is drawn fromthe Lean LNG and ?gtur ned to the processing columm 50.
[00127]1t is contenplated the draws fromthe two draws, one from Lean LNG
and one f @ Ihe pr %Qg colum bottom streans are available to work in
tandemin H@ lanou conmbi nations at their inlet |ocations to the
colum [00128] It is.contenplated the plant is oper a;’ed in_a_ way to. manage
the Tenperatarg Afprodt it W Shign at Be LEGoeﬁﬁcﬁagg@r 839 gozt Z he @hol e
mangenent £ah perform pr act i &l F’yﬁ ecgngm cally, an s : rn.-35-
[00129] I t i&conterrpl at ed tlg—plﬂa |§ 1§;0er at ed in a the LMTD
(Log | - FE L :
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Mean Tenperature Difference) within the LNG exchanger 30 so that the whole
arrangenent can performpractically, economcally, and reasonably.

[ 00130] | two=omssaepl at ed control ling the processing colPemusS@1fpsASGUre t o
effectively control the LNG exchanger 30 functions. [00131]It is

contenpl ated controlling the LNG exch &ger 30 to function practically by
controlling the processing colum 50 pressure. [00132]It is contenpl ated

control li e LN nger 30 to function practjcall ntrolling the
o ocessi ntebilt e gl EiELas ekt v aBhe-S BTN Yoat SRRy

cont enpl aiRhr&eRIngQF LNyt ¥9% NG i€he Randseratify mUMCs TNBLT AA i1e@I ths bY
controlling the ‘[géocesm ng colum 50 pressure and/or R ch LNG feed pressure

and/ or st sesans TABEE &MA) handcenugirpesorm [UOBISUE | invdngve defiganghaagasdncdat r ol | i ng
t he LNG exchanager f tj i rolli i C NG f eed
o essure. oRoRR b G LHE k! B ALACKEEWIE it E N At f b s RuEloA Dot o

and/ or pr eglligtrefsich@AMRATERRS L it sBESs BATHOIe HEPaToal pregigrehd tdnpetampPAENt S
received in the system nore particularly conponents of feed stream of Rich

LNG, pr actirees) 3. whypennied of allowgd tnapgsizs desspmg ldildnm pheeystiemdailiadd or R ch

LNG f eed re. ~ thad I ~ L
R S L e i T LT

parameters performs. TABLE 5A demonstrates that control of column pressure drives the
feasibility of the process as well. TABLE 5A demonstrates the effect of changing the column
pressure slightly from 605 psig to 555 psig. The failure translates down to the exchanger
which goes into a “temperature cross” or an impractical or uneconomic exchanger design.
Stream 2 is liquid uvntil let down in pressure at the valve down to stream 3 ( exchanger
pressure Stream 2 was 693 psig and valve let it down as stream 3 to 560 psig — partly

vaporizing).
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at ed
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O FABLE6A-FIG 6

=5 wame NG SR o
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00000 000000 00000  0.0000  1.0000
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[ 00
tre

I's contenplated controlling
LNG exchanger either directly or
The HYSYS run data tables

i ncl uded here provi de exanple
2

st

00138] I't

s

subst ant.i
B

YS run data tabl es
le

600.0 605.0

lap Fidwomole/hr] 226643 11,3612 164,792  164,194.1  164,1941  164,1941  65677.7 - -
© - , 0.0081  0.0081 0.9701 . 0.9702 0.9702 0.9702 : 0.9702 . 0.9904 0.9904
= ; 0.6364  0.6368 0.0266 0.0265 0.0265 | 0.0265 ' 0.0265 0.0088 | 0.0088
s 0.2622 2620 0.0027 0.0027 : 0.0027 - 0.0027 : 0.0027 . 0.0004 -

605. 605.0: 600

behavi or and operati on.
o

=
ng th
he pr

s
getggeé,

)

t

t ake

I's contenplated controlling the processing colum 50 pressure to
t he LNG exchanger operation functions and the overal

effectively contro

el e

functi on wb 20tee0swtrel e i nt er dependent system [00137]1t ipsTasndiempiias ed
S!

managi ng the Rich LNG feed pressure to nanage the vari ous operations and

operability of the systemto perform
tenperature of strean(s) to or fromt

[00136] It
i ndi rectl
descripti
and figur
to enable
cont enpl at
an upper ¢
sending t
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condensation. [00142]It is contenplated the |less volatile than nethane
liquid streammx is withdrawn fromthe | ower section of the processing

col um 50vOo[20021048J2bt is contenpl ated a part of the LeanPCRGSpriaasTde as a
further and part product of the Lean LNG flash of product of the Lean LNG
product of this invention can be recyﬁéed to storage as part of a "rol

over" control nethod. [00144]1t is contenplated introducing a techni qgue and

t hod f trol of LNG."Rol | . Ov ) 0 5 t | at ed
cpr eadi ng B ¢ “on Mg CLER ot B b 2T E g cRePThH o B Buct of
the Lean kNgwWd @Spro&dssid At with sbheclpan EHM@ @6&1@9@4 Ré}éctlbﬁ‘hl%dé nygmti on

whi ch can be recycled to storage as part of "roll over" control nethod.

[ 00146] | t rdseect brhedgh st BABER Héddihig rafemn@fcteﬁ@dlfb)r 1tabmt@hthamem dduct

Wi thin or b ve f LN "r ontrol
met hod v'g% e”?d%?g%ggggé@s % %%%?t$? qﬁﬁt%l enp a?g sﬁ%?&lngkglﬁrocessed
pr oduct ofLeetnhmG}iarﬁico B@@dlspé@eleqareaw 8A4)i Ro @bmplousm/récosipfkash Juadiiied y of LNG

as part Ol}orastleerln?l 1|1 ° \<x/€i1r1ch ga?lnl;[)er géd gllte(')[ ra]log(zls1\f/1|caat‘1ojnE'\stysstergrancsl ppalige 1% ?nuch more
economically at a higher pressure with just some addition of heat and compression to even
higher pressure if desired. One of the practical aspects of the invention is, and it being one
subject of the invention, that the pressure has to be changed for the Column as shown (FIG.
1A, TABLES 6/6A) for the system to be able to perform as expected, with other choice of
parameters essentially kept the same, resulting in a recovery of 74% of C2 and 92% of C3,
with the rest of the component recoveries reflected in TABLES 6 and 6A. In TABLE 6A,
although streams 4 and 5 are shown at pressure of 560 psig it is normally boosted to whatever
pressure the column requires for its operation (which should have been 605psig in this case
TABLE 6A — going to processing column at 600psig). This is accomplished “intrinsically”

in the simulation at the column, bit it could have been shown explicitly (as nominally shown

for the TABLE 5A (555 psig going to column operating at 550 psig).

[00108] In the present invention, it is desired to have the pressure at stream 2
sufficiently high so there is no need for boosting of pressure mentioned, as at the valve there
is stream 2 @ 693psig and the valve will control the pressure drop from stream 3 pressure to
provide sufficient pressure for streams 4 & 5 — nominally at 605 psig - to supply flow to the

processing column at pressure 600psig.

[00109] As noted above, FIG. 2A is another flow diagram of a HYSYS Simulation of a
LNG processing plant in accordance with the present invention. It illustrates the employment
of additional processing options to those outlined in connection with FIG. 1A and Tables 1-6.
Specifically, FIG. 2A adds processing options related to introduction of a cold LNG or other
cold desired stream into stream 12 as described above. FIG. 2B provides an enlarged view of
detailed area 2B of FIG. 2A (but has relevance also to the teachings of FIG. 1A). FIG. 2B
illustrates a detail of the processing column area and exemplary optional connections thereon

for receiving various streams.
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[00148] 1t is contenplated sparging a processed LNG product conprising of
vapor and/or liquid flash of this disclosed process, within or above a
stored guaotntysef29LNG as part of a "roll over" control pogtuUsed1wsH0§ et s oOr
spargers. [00149]In a nore narrative formto elucidate further the
separation of Rich LNG into nethane rhih Lean LNG and net hane depl eted NG
product the present disclosure describes a process in this exanple nore

particul a escribed for separating and recoverin t hane and .heavi er
v ocar A om IRe ezl EERaPERNSD et BFabb aEhUE Gt AaRgia: es. of
hydr ocar b@agsiiniROThdigH meCHoRans: Bis diftstreMth& 8 off SOHROlisT hRicHaRS and

I nvention includes an option to include conpression. [00151] The present

i nvent i onconereplaied wharersteittdt o a process that practically elininates
requi renents for conpression or reconpression of gas prior to returning a
resul ting[éduct $uBSHvInifice, SHEFIbI¢RIIECt 28) StreaiB ZHlowse diemp®i@uies, Vaper | i qui d

formafter, processing the R ch In.this di.nment.,, the pr.ocess

conpr | ses FRESTS: CRUNEEHBY ¢ B Myl Sest byl g rIss YeRny KBV 0- R o
LNG fromypmy WASKS 08BbnchQ, @ BRISENekhiéh BE 8§35 SvaRfaelRCoRXAPRIcEnAaUt 10
PSI G pressure and about -260 F up to 700 PSI G or nore (stream 1) dependi ng

on conposilh¢ picamdrageiedi of insawrenfent deinflisadd wiNGnths Tablepr ocessed.

[00112] The present invention permits flexibility in optimizing the processing column
operation in its modes of operation. In Fthane (C2) Rejection mode, the processing column
is optimized to produce more methane C1 as an overhead stream (and less C2+ in the bottom
stream). In Ethane Extraction mode, the processing column is optimized to produce more
ethane+ (C2+) fractions from the bottoms stream. The use of reflux stream 10B permits
reintroduction of methane rich liquid to the processing column as a reflux to optimize the
processing column, to increase or manipulate the purity of the methane overhead stream 7, or
to increase or control the C2+ fraction in the bottom stream 6. The present invention permits
many points of flexibility and control for operational optimization. The processing column
may be optimized (via, e.g., reflux, bottoms recycle) to shift the C2 fraction in the column to
exit the column as part of the overhead stream (C2 rejection mode) or as part of the bottoms
stream (C2 extraction mode). A typical NGL specification seeks to remove C1 content to
less than 1-10%. With the present system, the C1 content of the NGL stream can be reduced
to less than 0.5%. System pressure plays a key role in this process as is outlined in the

TABLES.

[00113] It is contemplated a process for separating less volatile compounds from more
volatile compounds, more particularly hydrocarbons, for example the compounds less volatile

than methane, in an LNG stream (herein called “Rich LNG”).

[00114] [t is contemplated to take an available normally low pressure cryogenic feed

LNG and pump it to a higher pressure.

[00115] It is contemplated the higher pressure LNG stream 1A is pumped to a LNG

Exchanger 30 to cross exchange heat with other stream(s) (e.g., stream ).
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[ 00153] (b) Heating the LNG (stream 1A) in an LNG exchanger 30 in a manner
so that it is still maintained in a liquid condition (stream?2), in cross
exchange wot2bh12z205wmpner and net hane rich vapor stream (8pcrasesmas7iback from
a processing colum 50, particularly overhead vapor stream (7) fromfurther
downst ream of the LNG exchanger 30. [3%154] The warmed Rich LNG (2, 3) is
channel ed to degasser equi pnent 40 ranging froma sinple T Pipe device to a

bstant i liquid.full i f desired. [.00 T d liquid
Ly 1 rom T glegas o8 SptemRRAGhietr's SREMS i PR RRLSGhperls SBERRERS:  he.
pr ocessi Ng&ekkuam 58y drARLHEHhronT REHBY RFASSIRGHrERLWIN nRPe PREF LGS at a

pressure comrensurate but selectable along with the full range of pressure
of the puthpeidstiice heloNah¢ad vaposptrdapohrern tePpisessing colomnod. PSI G and

antici pated above if the equilibriumconditions of the processing colum 50
f1ui ds al [(WI47]separlatsicontempREd 5¥] Rie) LNbestparodAsis hengeddolthenkNG Oxghanggtuces a
nmet hane ri@h ?ver.head v.a]gor .st.regmé? fromthe top section of the col um
and an esseNPHGMpaNgge iGn g Jayid ghaseandsiale. ¢ r om t he bottom section of the

col um 50, 0&00158](f), The processing columm 50 receives when required in
its operall®8lnode T icemméEnndus Lhmél\g% R GB)0 R ©4 ApviPATcHlY kel ol um
cal cul at eﬁesﬁ%ﬂrorﬂet%ﬁdf%kﬂh@ﬁgeﬁpﬁbi nation of Pressures and fluid conpositions
to enhance 1ts C2 Recovery or its C2 Rejection node of operation.

[00159] ( 9100-{%% R Ch[t Ii'ch%nte%l%ﬁjate(dBfeg' ingi the S\J!/a%lacﬁﬁicﬁ Lcl\?é %Héa% ?% faod’egésgiﬁg best

feed pointi
vessel 40.

[00120] It is contemplated any vapor (stream 5) from the degasser vessel 40 be passed

to the processing column 50.

[00121] It is contemplated the liquid (stream 4) from the degasser 40 is passed to an

upper section of the processing column 50.

[00122] It is contemplated a draw is taken from the processing column bottoms or

bottom stream 6 is passed to the degasser (stream 6A) or a point in the column (stream 6A-1).

[00123] It is contemplated the degasser 40 can be a liquid full vessel where no vapor or

gas is evolved.

[00124] It is contemplated the degasser 40 can be of a simplest of device to whatever is

dictated by the conditions.

[00125] It is completed the processing column 50 is effectively a reboiled absorber

complete with the processing column 50 and a reboiler 60.

[00126] It is contemplated a stream (10B) is drawn from the Lean LNG and returned to

the processing column 50.

[00127] It is contemplated the draws from the two draws, one from Lean LNG and one
from the processing column bottom streams are available to work in tandem in any amounts

and combinations at their inlet locations to the column.

[00128] It is contemplated the plant is operated in a way to manage the Temperature
Approach within the LNG exchanger 30 so that the whole arrangement can perform

practically, economically, and reasonably.
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the colum 50, starting at the top section of the colum, with any

associ ated gas (5) fromthe degasser 40 simlarly cal cul ated (though as
denonst r aveaoiznsetze HYSYS result Tabl es i ncl uded here umdenspansi10C2+
recovery node no vaporization is anticipated (Tables 1,2,3) - except where
a node of operation such as in Ethane,Rejection it may be incidental to the
node of operation (Tables 4, 6). SUBST TUTE SHEET (RULE 26) -38-

00160] (h rogessin ol 0 is dempgnstrated here workj

ooooset wt) 3, PLOTER AR IR b or BB IR 4 R TS B ol B hs o

| east one l\ffe@ﬁ\tf@fﬂi%ra?e&@d)iff@f_@&jej @fthiﬁ%eqm‘t!}\@ﬁ%%%ei ) {NBaGR Wik E@a[ngé}ﬁé?lvi di ng
heat to the columm operation. [00162](j) At 1east one C2+ enriched liquid

st ream i s cavpeunm proericeltye cecnbuiieally, 8)d masgnabdat ed in the reboiler prior to

returning the boiled stream (6C) back to the colum 50. [00163] (k)

Opt i onal | yQ0130]st r edins (GWImflaed qopoylihgtht procdseing odlumm 56 pressonel tal effetidklawn f r om

the reboiler Lrectly or the Product NEIL Stream (6) and recycling that
PeSES ndhetap'

stream t oM@ % WIS hoint in the col um 50. [00164] (1) A

stream (6A8 faor recycle to the colum could be drawn fromthe NCGL
[00131] If'is contemplated controlling the LNG exchanger 30 to function practically by

controlling the processing column 50 pressure.

[00132] It is contemplated controlling the LNG exchanger 30 to function practically by

controlling the processing column pressure and Rich LNG feed pressure.

[00133] It is contemplated controlling the LNG exchanger to function practically by
controlling the processing column 50 pressure and/or Rich LNG feed pressure and/or streams

to/from the column 50.

[00134] It is contemplated controlling the LNG exchanger to function practically by
controlling the Rich LNG feed pressure.

[00135] It is contemplated controlling the LNG exchanger function and/or product
stream compositions and/or separations of the components received in the system, more
particularly components of feed stream of Rich LNG, practically by controlling the
processing column pressure and/or Rich NG feed pressure and/or streams and their

properties and their inlet/outlet locations to/from the column.

[00136] It is contemplated controlling the processing column 50 pressure to effectively
control the LNG exchanger operation functions and the overall function of the whole

interdependent system.

[00137] It is contemplated managing the Rich LNG feed pressure to manage the

various operations and operability of the system to perform.

[00138] It is contemplated controlling temperature of stream(s) to or from the LNG

exchanger either directly or indirectly.

[00139] The HYSY'S run data tables included here provide example description of the
system behavior and operation. The HYSYS run data tables and figures, taken together,
provide substantial description of the system to enable one to design a system to operate in

practice.

SUBSTITUTE SHEET (RULE 26)



Product stream (6) and thence | eaving the colum arrangenents as a NG
product stream (0- NG&.). [00165](m The drawn stream (6A) is punped and
recycl ed wo 20twsemgasser 40 or directly at a point (notpehase)iioatiosl at ed
to fit the operation in the columm 50 for a particul ar operational
condition. [00166] (n) The col um 50 03%1 be made to operate at various
pressures (see streans 6 and 7) to meet t he various interdependent

par anmet er t he oI e facilit nd. desire erf or mance, 0167] (o) The
over head m&‘gne r i COUBYP t§‘i1 P‘>élt3 s t% Cﬁ?egtrﬁad]ll Wegﬁpqrsﬁ‘%ﬂ(‘?/erted to
(8) the LNGnexGPpneiiose b&sdifg dofungiogidensed in cross exchange of heat
with the cold Rich LNG feed (1A) Wnere It ideally condenses up to 100% i nto

Lean LNG d (9y:d ) ge drum
| receivi Lﬂéﬂ %/lie]sse ) 1S, &g%u gia&ﬁ Se%d}%pt:hﬁggblo% ! fggg? tdoﬁf% %%%I@%lgso:%gr age or

Pi pel i ne atndtiwetienequi red pressure. [00169](q) A part of the Lean LNG
(0-LEAN LNG product of (p) (e.g., stream 10D) as an option wll be
recycl ed {09142]or ageltds cpaeipladed ahé nek | vobni@r thas onéthak Ridhegeam mix is

withdrawn from the lower section of the processing column 50.

[00143] It is contemplated a part of the Lean LNG product as a further and part
product of the Lean LNG flash of product of the Lean LNG product of this invention can be

recycled to storage as part of a “roll over” control method.

[00144] It is contemplated introducing a technique and method for control of storage

LNG “Roll Overs”.

[00145] It is contemplated spreading a part of the Lean LNG product as a further and
part product of the Lean LNG flash of product of the Lean LNG product of this invention

which can be recycled to storage as part of a “roll over” control method.

[00146] It is contemplated spreading a processed or cooled LNG product within or

above a stored quantity of LNG as part of a “roll over” control method via jets or spargers.

[00147] It is contemplated sparging a processed product of this disclosed process,
within or above a stored quantity of NG as part of a “roll over” control method via jets or

spargers.

[00148] It is contemplated sparging a processed LNG product comprising of vapor
and/or liquid flash of this disclosed process, within or above a stored quantity of LNG as part

of a “roll over” control method via jets or spargers.

[00149] In a more narrative form to elucidate further the separation of Rich LNG into
methane rich Lean LNG and methane depleted NGL product the present disclosure describes
a process in this example more particularly described for separating and recovering ethane
and heavier hydrocarbons from LNG, and could be applied to streams of other slates of

hydrocarbons or non-hydrocarbons or their mixes.
[00150] The present invention includes an option to include compression.

[00151] The present invention is also directed to a process that practically eliminates

requirements for compression or recompression of gas prior to returning a resulting product

SUBSTITUTE SHEET (RULE 26)



[00170](r) This is the contenplated introduction of a technique and net hod
for control of storage LNG "Roll Overs". [00171](s) From(qg) it is

cont enpl avedosprserdi ng t he part of the Lean LNG product pCTQASpo1amsa0é urt her
and part product of the Lean LNG flash of product of the Lean LNG

SUBSTI TUTE SHEET (RULE 26) - 39- prodleu;t of this invention which can be
recycled to storage as part of a "rolt over"” control nethod. [00172](t) In

t he storage lon 20.it is, contenplated r eadi a processed or cool ed
NG pr odatranipgey i ki ot Sugb 80Sane RsHeuTiNEnm BF BpbiRefcBe fufis of °a
“roll ovegomsfk hmobeptRbhpke:a j ets or spargers (20C, 20B) relative to the
LNG | evel 20A in the storage tank 20. [00173](u) Further it is contenplated

spargi ng gop55cess EASHE L 29 R? | $ne ‘[S BILRG Cf‘(;‘oﬁsf ] 9&& el i@
jet(s)/spgor gezra(s) 3%8? o@ gb(o@e J\% a jet%?s?‘?spar ggr S aZH& a set ored
quant ity ofmospiGrihaxcksuge elinfot NGnipvablou2DAPSI6 firéssurt ank alR@t &H0pEMp tof/l0& "rol |
over" con met hod via.jets or spargers. 01741 (v) option | s al so
cont enpl a S PoREggY BB el aun POt ions or e TetfING T b
processed.
[00153] (b) Heating the LNG (stream 1A) in an LNG exchanger 30 in a manner so that
it is still maintained in a liquid condition (stream 2), in cross exchange with a warmer and
methane rich vapor stream (8) received back from a processing column 50, particularly

overhead vapor stream (7) from further downstream of the LNG exchanger 30.

[00154] The warmed Rich LNG (2, 3) is channeled to degasser equipment 40 ranging

from a simple T Pipe device to a substantially liquid full vessel if desired.

[00155] (c) The degassed liquid (4) from the degasser 40 is flowed to a point in the

upper section of the processing column 50.

[00156] (d) The processing column 50 operates at a pressure commensurate but
selectable along with the full range of pressure of the pumped Rich LNG (1, 1A) from
atmospheric to 700 PSIG, and anticipated above if the equilibrium conditions of the

processing column 50 fluids allows separation.

[00157] (e) The processing column 50 produces a methane rich overhead vapor stream
(7) from the top section of the column and an essentially NGL stream (6, 0-NGL) from the

bottom section of the column 50.

[00158] (f) The processing column 50 receives when required in its operating mode a
cold Lean LNG stream (10B) at a point in the column calculated for a particular combination
of Pressures and fluid compositions to enhance its C2 Recovery or its C2 Rejection mode of

operation.

[00159] (g) The Rich LNG feed (3,4) is similarly calculated for its best feed point in
the column 50, starting at the top section of the column, with any associated gas (5) from the
degasser 40 similarly calculated (though as demonstrated in the HYSYS result Tables
included here under normal C2+ recovery mode no vaporization is anticipated (Tables 1,2,3)
— except where a mode of operation such as in Ethane Rejection it may be incidental to the

mode of operation (Tables 4, 6).
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conprising of vapor and/or liquid flash of this disclosed process, within
or above a stored quantity of LNG as part of a "roll over"” control method
via jets wospasgees. [00175] The present invention provipdeaSadvastiages and
features distinguishing over the systens of the prior art. For exanple, a
flexible and streamined NG and C2+ gtraction/rejection process is

di scl osed and as enbodi ed for processing liquid, rich or virgin (feed

conposi ti NG (hereinafter called RLNG or also call.ed VLNG an

cosbnti al ROIEMoG gt AR Sine R S csiiRes RHEP Rk FEm R EM | ed
LLNG) prodygkorfid ggeond, liquid NG (hereinafter also referred to as NQ)
product (s) w thout the need of any of the typical conpression or expansion
wor k equi , Whi I i :

B S A .
(whi ch f uctlhen f@praeingistrtathedolmnepereigqui res 0 (zero) conpressi on power,
nmeaning there is no need for one in the instances showmn with 0 (zero)

hor sepowe[(0162The pr@ e Masti oAy €04 iepiched liquiP steamus rafvh éxinbihe colugp i) ced (f eed
conposition) flexible - product flexible - operation flexible - equipnent
and capi t A28 edghoHemrier yetaine tisthoder e 649 bagkgg thespluint®i s process, a
l'iquid phase hydrocarbon stream such as in this instance rich LNG (ternmed
RLNG, or (631 it s (ooPpiosilly arstpan 4)det exdydh tntie golumal J0epuldi begdrawn NG
(VLNG) who 610 Splil B Ldec108Y e Tfh Sl Shadhl sf Jnd MAIREAR RO SRR N S
than such as 1n IS0 NSt ance et hane, ~ 18 in Uced im0 the system as

| i qui d phasassvidrfat opoigtiomagelumn 50.r ansport systent pi peline. The |iquid
phase VLNG is introduced either in pressured state to or thence punped (in
a VLNG Pupgmiedip t o (B A5RImUER) tdiateydR ®aid cofmd Bfild By 8RWLMRM the NGL _
devi ce/ met hod/ process supports the whole systenm s various parts' operating
pr essur es Pedugigieany(o) amh tgencpieaying (e celymn arrpngPnentsasraaliil prdudichieapadsed via a
heat exchgﬂﬁsr (herein sonetines SUBSTI TUTE SHEET (RULE 26) -40- called
LNG exchangetr, essentially a single exchanger but optionally nore or a

network o hanger ile keepi it all as part of thi.s inventive
process e@!ﬁﬁﬁia||imﬁéP%Q§Wﬁéﬁf?ﬁ<€ﬁéwﬁ%ﬂﬁﬁ%ﬁ%%§ﬁa%?k§5&?Hﬁﬁﬁ?{%@?& phase
with the apadlyal d gehiarishReh) BAESSH @it (hahéatdeh the BRnMSAoeXGRRAGe t akes
pl ace by picking up heat fromthe processing colum (further downstream
vapor oveppsaipnglicoediman( OVHD) . The streamis then directed to a back
pressure hol di ng val ve/ devi ce/ (or back pressure froma downstream

equi prent [00d366Im) (o TheicoluainrdOtchrebsmadeamoperatk aiguaridusairessees (Fevestsame@m i s
then sent tp_a m xer/separator/vessel/device re call.ed. de ser) wherein
the VERG el 7b brnGE SRR RS i i Bl redEath 3585y dr ogen
ni trogen, pePmafee?2, etc., but not limted to and thereafter, the gas stream
is connecPed up to the processing colum as gas/vapor inlet to the colum

The gas s can (3l fR KRt RerObeF siRRh @) 15 RELE i
[OOl??]CpPpgﬁg}ly 6@55eﬁ?§gﬁ%y gepéﬁ%ﬁngﬁbnsthe ngLro operg?ngl%f t he

fl exi bl e diystieino 98)ebe hN&dxchaaga Gopdsictit sreoadedsednt habpaxchdngan gehaawitibe
effected to t VL via th egasser b tional | Xi i .anot her

St r eam whiEHoRHRHE IO CASPEFE Snaaly et O A et LR ThlT B o
feeding (RKEED) it to the processing/fractionation colum The streamis then
directed to a colum (wherein the vapor/liquid streans fromthe degasser

can be Combg@g]ed amafglllétLEMG((gyis Qtt)?egm i Eﬂ?‘ge {'rﬁﬁq 1'%:9&/3‘1 elalsy ﬂp]ﬁﬂ(?goe 4 stream

fractiona n-col u er as VLNG feed or~changed cormpositio
or vapor amdpihg oUiOd, ST HEANBNGPunpirazg ocRiptlohe bethaddeddphnasee.needed t o punp
the feed liquid to the processing columm. [00178] The present discl osure

teaches pom691g t heg)RL Do BT Sih QNLY - LIEAN N ERluard (1 eg.Sstfe@mt10DANY
particular pressure up to (and beyond if required) any process mxture
t her nody nahdncopded wilkheireqypled i asageay nirt e “roll @vRE cepralmsthod.

[00170] (r) This is the contemplated introduction of a technique and method for control

of storage LNG “Roll Overs™.

[00171] (s) From (q) it is contemplated spreading the part of the Lean LNG product
(10D) as a further and part product of the Lean LNG flash of product of the Lean LNG
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[00179] No stream division is contenplated in the present disclosure, as
taught in the prior art, where of splitting of RLNGis contenpl ated for

refl ux puwpaese/tse72¢ol unm either from upstream of exchangemr(uspoiansdosmnst ream
of exchangers. [00180] No vapori zation of feed with original LNG conposition
I's contenplated with the present proc?§ the present teaching being to

mai ntain the feed Rich LNG streamin S I|qU|d formbelowits bubble poi nt
traversing the at . exchanger as.an essenti al sub- cool e i qui d

Vapor i sar PBHUGeT AbHTRIOR NS B 18 Pugar bun SppdaTH S Rl P S ot
exchanger yfeodfeed or a portion of feed to the Colum [00181] The use of a

degasser is inportant in sonme nodes of operation/flexibility -41-
[ 00182] Coyggpr essyiiPhe (AL BT AT RYoRShSlabPsph&ffhe RSB0 TRE
particularly I00 psig to 700 psig and even re part y rangi ng from

400 psig lUCMﬁ@hpsﬂgDywﬁMnenﬁmm¢mﬂnméquﬁm@hﬁiéKiﬂrﬁﬁ@fp§m@cwa”6®ﬂmpsrg are
I ncl uded within the sco f t resent djsclosure.. [00183 I.ch LNG
foed spl i rne%gdrlareéwfﬁp SRS L B BERF R} 36 0T A et B art

t eachi ngs) for purpose of feeding to colum as colum cold reflux and feed
st reans. e wi R Hughergt rScﬁontﬁrnplateﬁdp%,rgrlg grecewed glodyet of thedigrlaedn LNG

stream togl%%& r@%tﬁhy v{ ) fégelrgﬁm) aspf SEdb@RAV[E f et(5H% ar%%%%ﬁg  Lfieq present

di scl osur ocat he col umtm var to the node of
operatioanmnwn&EN@rwmngmmLNQMMWﬂQﬁAnntmxumHBstpﬁcheﬁobbuaﬁcdﬁstrlbed

her ei n. o
method via jets or spargers.

[00174] (v) One option is also contemplated for sparging a processed LNG product
comprising of vapor and/or liquid flash of this disclosed process, within or above a stored

quantity of LNG as part of a “roll over” control method via jets or spargers.

[00175] The present invention provides advantages and features distinguishing over
the systems of the prior art. For example, a flexible and streamlined NGL and C2+
extraction/rejection process is disclosed and as embodied for processing liquid, rich or virgin
(feed composition) LNG (hereinafter called RLNG or also called VLNG) and essentially
producing one, a liquid lean LNG (hereinafter may be called LLNG) product and second,
liquid NGL (hereinafter also referred to as NGL) product(s) without the need of any of the
typical compression or expansion work equipment, which however can be an optional part(s)
of other embodiments (which as shown in one embodiment here, as an optional item (which
further as demonstrated here requires 0 (zero) compression power, meaning there is no need
for one in the instances shown with O (zero) horsepower). The present invention is a pressure
flexible - source/(feed composition) flexible - product flexible - operation flexible -

equipment and capital wise economic system/method/process.

[00176] In this process, a liquid phase hydrocarbon stream such as in this instance rich
ILNG (termed RLNG, or until its composition is affected/changed, called virgin LNG
(VLNG)) which is rich in heavier/(less volatile) hydrocarbon components than such as in this
instance methane, is introduced into the system as liquid phase VLNG from storage or
transport system/pipeline. The liquid phase VLNG is introduced either in pressured state to
or thence pumped (in a VLNG Pump) up to a pressure that as part of the inventive
device/method/process supports the whole system’s various parts’ operating pressures as part

of this inventive system. The stream is then passed via a heat exchanger (herein sometimes
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[ 00185] Vari ous of the follow ng colums can be enulated in various
proportions effectively making this a hybrid columm wth various degrees of
functi onswof2otvs4f20l | owi ng col utm confi gurati ons w th asdirttisemalospoessur e
swing functionality or pressure variability functionality to match nost
effective use of this process of disclosure: Distillation columm;
Extractive distillation colum; Reboi'f‘@'d absorption colum; Absorption

col umm; Str.jppi col umm; Refl uxed stripping colum; and Reboil e tripping
col urm. [ 6EBGNH e Putkth engg by SeneRseBBan T Seiely 06 enprugt Al o

bott oms r eRBhALE) RhilARYANR NG 0SS JTAis VéRive Plocdsh BsstiftIIPhaidladRd ex@hanger s
and streamoptim zations integrated to the colum for heat distribution or

recover i ed¢at axrtiaegroher liped phaseivih the chetedlled eppdivéprgssuies egrialé)orheheabot t ons
O Sehar 08 ok Tiet BROR] SR SEMRSHRbY PER s sTRPRTRE R TRARgNS L e

bott ons exch nper-a eam proper o the Ccofum as

denonst r aygebr oferbdd@ swadnh QUSHBY." GaEBtréat anderd figiNetine aCdkk pRessuifOMAldiny TABLES
1A to 6A enbodi ments; stream 6 being indicative of bottons tenperature.
[ 00188] Thaalpy/deyicgiordiagkeprasiie dopgsdonasiraap e RMaY/ calupds to Mamem thegiied | ean LNG

via condegsinggifladngndNR G GhARISE, 498 BN s@hiei eﬁu‘ﬁi Efed NG being
processed aslalg%cp\% inthe aengsogllgnenr%s.aal[g%%gg il o/keSég;n%\g i ment of t he
present prdaeess, whdngn picOVENS canbeaddyasue ofl nekt0oOBt (et) hanpoticacoselt s - 42-
00190] For NGL and C2- Recovery/ Rejection nodes of operatjon the present
[ ] hycl}logen, nitrogen, H%g, %82,yetc., 1but n(gt lprnited tosan8 therga?ter, ttlle gas streatg is S
connected up to the processing column as gas/vapor inlet to the column. The gas stream can

also be mixed with other optional streams.

[00177] Optionally (essentially depending on the mode of operation of the flexible
system presented), a composition and enthalpy change can be effected to the VLNG via the
degasser by optionally mixing with another stream which changes the state/composition of
the feed VLNG prior to feeding (FEED) it to the processing/fractionation column. The
stream is then directed to a column (wherein the vapor/liquid streams from the degasser can
be connected at any number(s) of optimal feed locations on the fractionation column either as
VLNG feed or changed composition feed stream or vapor and liquid streams. Pumping could

be added where needed to pump the feed liquid to the processing column.

[00178] The present disclosure teaches pumping the RLNG from storage temperature
and pressure to any particular pressure up to (and beyond if required) any process mixture

thermodynamic critical pressure required in the column.

[00179] No stream division is contemplated in the present disclosure, as taught in the
prior art, where of splitting of RLNG is contemplated for reflux purpose to column either

from upstream of exchanger(s) or downstream of exchangers.

[00180] No vaporization of feed with original LNG composition is contemplated with
the present process; the present teaching being to maintain the feed Rich LNG stream in its
liquid form below its bubble point traversing the heat exchanger as an essentially sub-cooled
liquid. No vaporization of Feed Rich LNG is “required” (vs. prior art) in any heat exchanger

for feed or a portion of feed to the Column.

[00181] The use of a degasser is important in some modes of operation/flexibility.
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t eachi ngs can achi eve industry/comercial Pipeline Specification (<0.5% C
content, <600 psi TVP), NG. product w thout any further processing to

achi eve tWporaswi2zv. [ 00191] The present teaching can perComuseen/osmost " of
the desirable nodes liquid Lean LNG and hi gh C2+ recoveries w thout any
need for conpression equi pnent. [00192] A smaller Colum is contenpl at ed
than other arts - the colum of the present invention can require about 10

t heoretic ays v others requiri.n out 2 rays. [00193] The present
venti onfbAnse LSRRt Bk Bk dioh B iR SRRy ot ons
and per f onompge o IQPALhdheveR RS Phribi¥i®Ntah Sfg PloRVA {010 BO igef al
equi pnent - gu%boer a%& dutigs. [0%1915]%1%2adlglf%erencoe@eli)sng)tohe ?rg%?ehnt process

from t he pmpaliments of dosg ¢ ofLiptig eNOU0npstghase metdded wahindbpiscopeei the prgsent

conpl exi tidgaos% equi pnent / process/ Degr ees- of - Freedom Another difference is
that the pr egEnt i nvention provides a systemw th ability to avoid

tenperatu ossesg, in t NG exchanger., 6 [ 00196] Yet anot her difference in
thi ot ovelPIEH7 or odsuder Lokt s G AR HpbT PATRls D AR B POFHEST cod - LNG
( RLNG VLNG) Ripss O sigost Of RRURY MWREINBE ds toR¥HNNMYRIILL Jand Peelii stbiirgk. f eed to
degasser to colum (optionally Irquid feed can be connected directly to

col um) i Wnbkmwitlagte pror etiengsplior arataken ebdvidriyeh bBNGvsoam it sepgrately fsadti al |y

vapori zin eed strea or split parts of streans in exchanger/exchangers
prior to g8£’mnr‘?‘é%eteﬂ8n%ﬁlé‘strean( s) to the columm One manner in which to

mai nt ai n ixture in its liquid state is to intain the mxture

subst ant | iy or e S @C%BPSP%%OEWH&I GHOBRERSEE  he
present i QeRidk BMofeRiisHBRPHLAS SroRAShdMBGAd AmchGakilyRE fie VAIRAK igRtib@MmeRfn. ri ch LNG
in the heat exchanger, and the present invention does not require the step

of vapori z4 at | tel - Leh i | Lt to the
vaporl ﬂ(ﬂQS] %ﬁ&ﬁﬁ%f?ﬁérfbl | f@% c&lﬂr‘ﬁng L4 béﬂHﬁﬂB{eh Q4 Vﬁﬁougﬁéqogﬂ)}lé

fracti onati on "col um rence 1n this 1t nventive n/ process
i s that | effedidels hakiagitlss arhymiddohech fvoh vidves legebs loNGnCRiMNIGH WeNQlowingm

i %1 g veSdBI Ay ASEBP WG S OTBRBLTE DHre HORAMSYS CHApgeT e od and
the vapor flncQiHafly Q4 hilafh SndRf ?ffgc?f\l'er\il}!%_? el érg&mcldé&@:n%iﬁﬁiéncbo%{n! nal

points in the processing columm (optionally m xed conposition effected feed
st r eam cafixitivd diselétien coiimacReébpiled alsoiptiom colimiodibsosptipo coluingubipsiepar at i on,

as an optianah: MR Fiping imh ina ke BARIRHPSRE Lotk cON r @St Lo the prior

[00186] The teachings of the present disclosure of employing a bottoms reboiler
arrangement does not rule out the use of side exchangers and stream optimizations integrated
to the column for heat distribution or recoveries; and further particularly heat recovery

integration of bottoms discharge stream.

[00187] Column temperatures are managed by managing the bottoms exchanger
temperature and feed stream properties to the column as demonstrated in the various streams
to and from the column shown in TABLES 1A to 6A embodiments; stream 6 being indicative

of bottoms temperature.

[00188] The present disclosure teaches obtaining almost 100% liquid lean LNG via
condensing in the LNG exchanger against the cold of feed Rich LNG being processed as

shown in the embodiments.

[00189] In one embodiment of the present process, the process can achieve up to 99%

ethane recovery.
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-43- teachings of vaporizing or partially vaporizing VLNG feed strean(s) or
split parts of streans in exchanger/exchangers prior to feeding it to the
col um vawpauslog4®8 non- conposi ti onchanged | i qui ds/ vaporczas2dionsaoe©f VLNG
[00197] Still another difference fromthe prior art is with one enbodi nent
shown, a colum bottons liquid stream%s recycled to the colum via m xing

in the degasser (vessel/device) chang'l4 g the conposition/enthal py of the

feed LNG whi was this jnt VLNG (virgin LNG prior to mxing with
e war m OO0 " S PR AL Wi ke MRS Bl rmre Rt by PR S
the fract iQfaids@mn AchRVO GRESIYRImERI I pRIRSSPYEifcdidn COMHE ] 86hidn® swBMage t he
LNG exchanger operation so that VLNGis kept inits liquid state while

exchangi ngsiH&AY, NGloptoture wilaguiraty fpitas @sessige toichinye ymbull.over head) stream A
further difference is that VLNG punp pressuring can be controlled flexibly
dependi ng[MINLNG dbeposertt itorhiagdars patemaia ‘mast’i dfi thy désorablaledehéquder al |
syst em wor k equi.red.in tandemw th pracessi ng colunn pressure operation
ST ect] onLAOONGHTIE tt ParerarBith s BT Bt SR APBREC o e <
controlled/controllable to prevent "tenperature crosses” in the LNG
exchanger 009lenperiatiipler colawa seontswplatyd thapiothsr afsy- e RRIpma Pt the geseht i al | y

making t i ok YR el rRHAG 36 hebiRiich QM RIAGEAGA bEASH LR, and drastical Iy

reduci ng conpl exities of exchangers net wor exchangers

ot her w Sel[doﬁﬂﬂ‘ red.t,o g?e‘é&{t R jon! tge{EBS’sr ?E&%ﬁn&&&%&ﬁsﬁ 4 ogﬂiﬁ%ﬁ? rid-
undesi r able/ Urneconom ¢ exchanger design ot herw se needed to OvefCOmMe narrow
"t enper at uoigappomaahpsiongincé.t enperature pinch" characteristics. [00199] A

further difference fromthe prior art is that the OVHD stream can be
essenti al !00194»]' ly aap@eRsR dnvehidiepreneh andichdniiedtal ipafeal | REMPWAd agai nst
the VLNG (or other optional streans/refrigeration not shown) w thout need
for reconp¥@ssi on prior to condensing as the LLNG |iquid Product. Yet

anot her difference is that the invention provides the ability for a
purified [MAPSILNG ((inkN@Efer¢noe beths ptesent arodesstiioli the griarsart wfal naduciion nhibe

processing colu The invention. als rovi des, tiona conpi nati ons of
L NGrump! QB i) EEE SR RGP it Sreb by esAReen S5t kaaof Raolle
pressur esifRAES Rtk R/ %@gamﬁv&_ﬁ@m probviad a SARNDRIRADiHE 6 dvdi@ (@EHekhdire S| at es
of required product or BTU specifications Tor O/HD LLNG [00200] Anot her

di f f er enceropigein theN@ekahanggr.t i s that the present invention provides,
optionally, conbinations of VLNG Punp/ Col uim/ LNG Exchanger/ Bott ons- Recycl e
pr essur es[@0d¥der at Ofce sihctberp defetanonsn tthiat ingentiotyprofédsexis bthyt  &iqyidistiae is

é?::gm :aa%da'n'tﬁlﬂ%;lg:f{),rétbg %g%/ kgﬁﬁ@@#ﬁé?g&g ’sto}/aagle \tloege’in v(/e?rr%g(? i er)];g'ha%gflzr ssm
to liquid feed to degasser to column (optionally liquid feed can be connected directly to
column) in contrast to the prior art teachings of vaporizing or partially vaporizing feed
stream(s) or split parts of streams in exchanger/exchangers prior to feeding the VLNG
stream(s) to the column. One manner in which to maintain the mixture in its liquid state is to
maintain the mixture substantially or discernibly below bubble point. It is an object of the
present invention to suppress as much as possible vaporization of rich LNG in the heat
exchanger, and the present invention does not require the step of vaporizing at least a portion
of the rich LNG prior to passing it to the fractionation column. Another difference in this
inventive design/process is that liquid state is maintained for the feed LNG (RLNG/VLNG)
from storage to being warmed in exchanger(s) to liquid feed to mixing-vessel/degasser
wherein composition/enthalpy change is effected and the vapor/liquid outlets of mixing-
vessel/degasser connected to optimal points in the processing column (optionally mixed
composition effected feed stream can be connected directly to column without vapor/liquid

separation, as an optional embodiment not fully shown here) in contrast to the prior art
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SUBSTI TUTE SHEET (RULE 26) -44- reflux) to adjust slates of required
product specifications for NG products for varying C2+

extracti oNOrej2ssizon content. Optionally, another differemas2andsanpodi nent
indicated is with certain conbinations of operations vapor stream 11 from
vessel 70 if generated which as gas stream can be condensed in a heat
Exchanger CXG 90 after conpression (8 § and the condensed portion (12) can
be mxed in with.the LLNG (12 or Wt reflux (15A,. 15B).to the colum
or degass&FNHOSTPPYERE TSTH: ?Vm@_@%&%@e bt Brant PR €
optional | yy bRRarsbyS@mndeds R6r fAfRedfy iNdaRetslent vhi@RlyPIOERAISmposition-
refrigeration/cooling stream 14A, 14B) can be used for condensing stream 12

fromthe ecmpeddewis/vaprizaigmstal ddMG3L3 may conprise another RLNG or ot her
desirable streamto be processed or to enhance the operation that can be
added i n §01%i]xed wiitlhnothe difficrencWIiN@ e popt aro savitly oeoenedinedt somect |y to

the colum [ 00202] Any. person skilled in the art or sci.ence, rticularl

e who 1 BolRe gy ioBEL S e ety b e s i M MG S pE e bonet i

of the pregeRt/ddics &tﬁﬁ%ﬂ(&g )therc%%@gmie’#enﬂﬁﬁby IRl feb@ ANCORRICRRELS \ﬁﬁrtb qtitons to
S

t he specific enbodi nen di scl osed. As such, the present disclosure,

i ncl udi ngperaNpNes(virginoNd) pier benigngdvithothej warm kettome strgangt Yehenotheope of

t he i nventi.on or .thei.r equival ents t hough enbodi nents have been shown
T sty of MRS el S S lsc P e il gy T BB IR bR BelFE b P honn of
ordinary sitlolled # hin@geaiht 1NavéxaBankfieopaRAST o thef VILNG Ss Bips & iesliuel gaul d
create other alternative enbodinents that are within the scope of this

i nvent i onWhityexcasnging keat {pmihe wampe pexesingicope GYEBdAreriadicitsanr &b t hose
A i ! )
moa 11 ca L Uttt & Moy Niincbody BRAGARL o ANAUNICASIAT ke on o,

syst em or VILNGI ouepoeiibs anli stete s edutiier @ malentle ool sgenawyrkl satyrieddescri bed,
either individually or in conbination with any feature, in any

conf i gur atdngHn §Hh PIRETSING cAFME PreErcHPCIAYYE LS. or conbi nation” of i ndi vi dual
steps or processes for equi prent design, operating, separating or

recover i n{P0SHponertnether diffgiepsenty thas)thg PolpmR PEesfre th ¢ongoliet{ceriralableial Gas

(LNG or t > y r t ' 1 XES, .l f.hui d
biase. [ 0808 raF e Tt B BB R PRl LM Tl it 00 1 s
of U. S Patenther ef)ecsedntialty nfakia? A} WhSntivRaprocdss hloa whdbd Pradidal/cSliinanét al . )
(January 28, 2003). [00206] U.S. Patent No. 7,165,423 (W nni ngham (January
23, 2007) drapteggBoduring comaplemiies (b exchapgsis sty qek/Binks of grchanees qthseWistber 15,

2009) . required to overcome “temperature crosses” or overcome undesirable/uneconomic exchanger

design otherwise needed to overcome narrow “temperature approaches” or “temperature

pinch” characteristics.

[00199] A further difference from the prior art is that the OVHD stream can be
essentially fully condensed while exchanging heat and cooling down against the VLNG (or
other optional streams/refrigeration not shown) without need for recompression prior to
condensing as the LLNG liquid Product. Yet another difference is that the invention provides
the ability for a purified lean LNG (LLNG) to be split and utilized as reflux in the processing
column. The invention also provides, optionally, combinations of VLNG-
Pump/Column/LLNG-Exchanger/Bottoms-Recycle pressures/temperatures/compositions that

can be adjusted to adjust slates of required product or BTU specifications for OVHD LLNG.

[00200] Another difference over the prior art is that the present invention provides,
optionally, combinations of VLNG-Pump/Column/LNG-Exchanger/Bottoms-Recycle
pressures/temperatures/compositions that can be flexibly adjusted (essentially utilizing

VLNG-pump pressure, valves, processing column pressure with valves, stream recycles,
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[00208] U. S. Patent No. 7,216,507 (Cuellar et al.) (May 15, 2007). -45-

[ 00209] U. S. Patent No. 7,010,937 (WIlkinson et al.) (March 14, 2006).

[ 00210] U. w80 2Petesmt29 Publ i cati on No. 20080098770 ( Ransbar gemjusgiaypsipe 2008) .
[00211] U. S. Patent Publication No. 20090221864 (Mak) (Septenber 3, 2009).
[ 00212] AIl references referred to he&g&n are incorporated herein by

ref erence as providing teachings known"within the prior art. Wile the

appar at us d. methods of .this jnvention_.have be described in ternms of
or o1 er r o UL, o e B RO b R ROL PRl 14ipe Che art
that vari giiseilsh/ARYMidARARR! DRGodaly, hh@hRUATeNSe MadnDYGhRM i AESE i DRML her ei n
W t hout departln%@;ron1the concept and scope of the invention. Al such

simlar so@gin condestiend! apaitiong spobisan dpdioentesteb’7q gsreratdd Whielasigas t he art

are deerr?gtre[taﬁlepa%rl%lg éa%ip{‘nséd“% E%@ﬂ%ﬁ%ﬁagng&fﬁgéﬁé@t %f{er tcB%B}eE‘sYo ”@Qf fnd Ttﬁé)se

skilled in recognrze od "and “appa us of 'the
present i ByRIBse®Portias(10RE ba PRkddGA I @M% LIaNG (12mtr Wik tRremant SAgBnt i on is
not limted to the representative exanpl es discl osed herein. Moreover, the
scope of {tHhbe plegeprdeEsséEnt i on covers conventional |y known variations and
nodi fications to the system conponents descri bed herein, as would be known
by those §M201]led i Vet heother diffehid Bom ke prigpartas tst epiignatiyt tho siecany 1% (oF s

i nvention hayve. heen.described in terns of .preferr of .kl lustrative

enbod menf: 4 iGpp RO e frg i Clorh SLFH] Poh.ol4p B} WL

vari at i ongoduBysifderaap 2 edmt Be Edhepres@®esmddasan i1 pady benio abthdaIINGleparti ng
fromthe concept and scope of the invention. Al such simlar substitutes
and nodi f Peetherlasirablssieashto hedreosgse oiRicniaaer the opdieion that ggnebeiddedeld of 0 be

wi thin thﬁli Sehstil tﬁé}q%gw&)ﬁ?wtam%& Xcgéatdn%&lg@ tﬂetcofllﬁln.set out in the

following clains. - roces or separating and
recoverin ane agnd heavi er dr.ocar bons from LNG conprising the steps
o+ e or BTG o A RO Bl XL UET BL T STt BNTF ARGV Bt wher e n
the Rich PNk jgngimedﬂg?ukids fa@l, Mafin @ Mu@hS thofidg ©f thRPfesort dXcheire, SOtRBe t he

Ri ch LNG conpri siI ng and C2+ hydrocarbons, the R ch LNG haV|ng an anbi ent

st orage t &pewdilicionnandgrawgenseo the specific embodiment(s) disclosed.  As such, the

present disclosure, including examples, should not be used to limit or restrict the scope of the
invention or their equivalents. Although embodiments have been shown illustrating
operation of the processes of the present disclosure, those of ordinary skill in the art having
the benefit of this disclosure could create other alternative embodiments that are within the
scope of this invention. For example, with the benefit of the present disclosure, those of
ordinary skill in the art will appreciate and understand that modifications and alternative
embodiments to the process or method or system or improvements disclosed herein and
comprise any feature described, either individually or in combination with any feature, in any
configuration or individual steps or processes or combination of individual steps or processes
for equipment design, operating, separating or recovering components of varying volatilities
from Liquefied Natural Gas (LNG) or any other mix of hydrocarbons or other fluid mixes in

a fluid phase.

[00203] References:

[00204] The following represents an exemplary list of U.S Patent references:
[00205] U.S. Patent No. 6,510,706 (Stone et al.) (January 28, 2003).

[00206] U.S. Patent No. 7,165,423 (Winningham) (January 23, 2007).
[00207] U.S. Patent No. 7,631,516 (Cuellar et al.) (December 15, 2009).
[00208] U.S. Patent No. 7,216,507 (Cuellar et al.) (May 15, 2007).
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b. pressurizing the feedstock Rich LNG from storage pressure up to a
desired pressure; c. punping the feedstock Rich LNGinto the cool side of a
heat exchaiogerz/ositze heat exchanger having a cool side amrdTashat/osiide; d.
heating the feedstock Rich LNG within the heat exchanger while maintaining
the feedstock Rich LNG below its bubbli point to avoid vaporization while
in the heat exchanger; e. directing tﬁ undi vi ded feedstock R ch LNG feed

stream fr e he r ocessi ol.u e col um

conpri si ng‘f&&{%‘g ﬁﬁ? %@%%@r%&@hﬁ“{s@ng gﬂ@? el ’)Qoégt of the colum to
permt di {mlo]ng t hes. Pafepiamnlioition NBL00KI0YETV0RaRALe @ MIBIE2Rsi red entry

| ocations al ong the height of the colum; f. generating in the colum a

desired mi00ltle conpy. |P§ien@3uahca@v@Nhe’ié)a9(Ba&@t(M@b)rﬁS@@ﬁpher%|2ﬁ@9)l i ghter
hydr ocar bgdr? OdUCtASH ﬁarf]erer% ?(ﬁf?rre%dto l‘élﬁ) rr%e 1n08 Ioglte%t he, eallﬁn bf)?.f%[c@ﬂ«%ﬂ%I ng heavi er

hydr ocar b oducts I'recting the over head gas stfea rOmt e col um

to the hObroSidd% t@échin@@lqmt wibif fign r arth. waﬂmthlemg Atk aEndensisng dihe
over head gas stream agai nst the co Ri ch LNG feedst ock streamto form in

whol e or IyeRigBdeverhephflesgrhed in tanmwme@r@éﬁﬁb@@mﬁ@s LedH be NBapRbiadRase st r eam
any r emﬁ' Bf £k911 d{‘éﬁé %%@kmﬁ%&'}ﬂ ag) @ﬁo&%a@ aﬁ‘de&ﬁﬂécﬂﬁeﬁlgn as a
ens pro

gas; - ectin e con strea rom-t t side of
t he heat @zxthdmrdg@mrtgdrm the wehoeptngd vess ef thejinveptionpi Alfy sichainhilaguibdtitbean LNG

product fro recei ving vessel .a_desired | ocatjion; k. directing the
bot t ons | ?wﬂ]madl FHIEBYAPPIET P HWSCHIltEHAD hs a8 %@mﬁ@%bwlﬁm fherscope Bt genent s;

1. heatingodcBg Hoht BntidnduifosStkBRMiA hd e WiBARIJeRie that the method and

apparatus of the present invention has many applications, and that the present invention is not
limited to the representative examples disclosed herein. Moreover, the scope of the present
invention covers conventionally known variations and modifications to the system
components described herein, as would be known by those skilled in the art. While the
apparatus and methods of this invention have been described in terms of preferred or
illustrative embodiments, it will be apparent to those of skill in the art that variations may be
applied to the process described herein without departing from the concept and scope of the
invention. All such similar substitutes and modifications apparent to those skilled in the art
are deemed to be within the scope and concept of the invention as it is set out in the following

claims.
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m returning at |least a portion of the heated bottons streamto the col um,
the columm being further outfitted with one or nore heated bottons stream
entry porwe 2ai2mg72bhe hei ght of the colum to permt di pPegtisegivbaoheat ed
bottonms streaminto the columm at one or nore desired heated bottons stream
product entry |ocations along the hei% t of the colum; n. discharging the
colum bottons streamdirectly fromthe colum or fromthe reboiler and
transferrw ymgﬁottoms streamto a desired location; and o. transferring
any gas i F; eiving vessel to a desired |ocation. 2. The process of

claim1 wherei Q ptdegss d@SdepREinR28$ BUH RS c®bRPind Bavie hfdr6daddoR B 120y
downst ream process steps involving the heat exchanger, and/or is dictated

by critical preswisiag heopyali es of the desired gas and liquid mixture in
the columm. 3. The process of claim1l wherein the step of nmintaining the

feedstock Rich LNGReIOW df SnddHRA! BeRRLIDbrdafh @QlifheY RRATINGRWhARiRE | € 10
the heat exchanger 'is achieved by regulating the pressure in the heat

exchanger to nmi nt &ich It isRh dihuid N@mi froni @ stolageyaildonpities soundet the Rach LNG

vapori zation. 4. The proce of, im1 further_c Lsing the steps of: a.
i Fecting the fecdstBRT Ch RS HT AL edr BRENDNGI TR gt val ve
and into a degasseksordle tcilipeRGid 4 piRgird;i qui d stream from the degasser into
t he processing columm, the columm being further outfitted with one or nore

degasser liquid stream.entr orts. al.qn e height of the colym to permt
i Pecting the deBaBbarmiiigieleatiss MUTENSHRETPREE BB o ig2 6YFbam | nt o

t he colum at one ?fesml;g;e desired degasser liquid product entry |ocations
al ong the height of the colum, and c. directing any gas streamin the
degas ser to the colunn, the colum heing further outfitted with one or

I f .
more degasser ga$ SPMBAHEAEFSORHRIE G tha&odsidgl adratienehapgr to
permt directing the,deg ?ﬁavﬁ@%c%{ﬂrsﬁi%%&%&s pe colum at one or nore

desi red degasser gas product entry [ocations along the height of the
col um.
d. heating the feedstock Rich LNG within the heat exchanger while maintaining
the feedstock Rich LNG below its bubble point to avoid vaporization while in

the heat exchanger;

e. directing the undivided feedstock Rich LNG feed stream from the heat
exchanger to a processing column, the column comprising one or more stream
entry ports along the height of the column to permit directing the stream into
the column at one or more desired entry locations along the height of the

column;

f. generating in the column a desired mixture comprising an overhead gas stream
comprising lighter hydrocarbon products and a desired bottoms liquid stream

comprising heavier hydrocarbon products;

g. directing the overhead gas stream from the column to the hot side of the heat

exchanger;,

h. cooling and condensing the overhead gas stream against the cold Rich LNG
feedstock stream to form, in whole or in substantial part, a liquid comprising
Lean LNG product stream, any remaining incidental uncondensed overhead

gas stream remaining as a gas;
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5. The process of claim4 wherein a portion of the colum bottons streamis
directed to the degasser to warmthe feedstock and alter the conposition of
t he t ot alwbeetk/tse72bhe col um. 6. The process of clai m 4pPconseeidionyos he
addi ti onal steps of recovering heat fromthe columm bottons stream 7. The
process of claim1l wherein the NG prg?uct conprises a desired high or |ow
percentage of ethane. 8. The process 0f claim 1l wherein the Lean LNG stream

is directed to a,storage faci|ity or, to further processing to yaporize the
Loan (NG 6. ' Thot o SQFE e Sl oy St i e BOFRST B Bot ot BRRE oL
streamis directed prebh@ne@sttn, the colum being further outfitted with
one or nore Lean LNG streamentry ports along the height of the colum to

permt directing.the Lea NG stre jnto the colum .at one or nmpre desired
Lean LNG pr oduct ) eRt'™Hng @@thu@n‘s% rdgpff)ﬁ%t H@indﬁ% re&?lw%éesé“glt%ﬁﬂesfé‘s The

process of claimlcafp:ising the additional steps of: a. directing at
| east sone of the Lean LNG streaminto one or nore additional heat

exchangers, b. heating,the Lean LNG within the one or nore heat_ exchangers
whi | e mai nt ai ni n§~ dHecting she horiemp Efdysirag %%Meecoﬂ%‘i'%tto RiV) Oé\‘mifedreb%}%ri zation
while in the heat gﬁg&g&gﬁg, -49- c. directing the Lean LNG fromthe heat
exchanger through a valve and into a degasser or other vessel, d. directing
the liquid streamfromthe degasser or other vessel to a desired |ocation,
and e. directinglamgatiggdedorepmiquil 3mem jearbeileror ot her vessel to a
desired | ocati on.

m. returning at least a portion of the heated bottoms stream to the column, the
column being further outfitted with one or more heated bottoms stream entry
ports along the height of the column to permit directing the heated bottoms
stream into the column at one or more desired heated bottoms stream product

entry locations along the height of the column;

n. discharging the column bottoms stream directly from the column or from the

reboiler and transferring the bottoms stream to a desired location; and
0. transferring any gas in the receiving vessel to a desired location.

2. The process of claim 1 wherein the desired pressure of step (b) is dictated by any
downstream process steps involving the heat exchanger, and/or is dictated by critical

pressure properties of the desired gas and liquid mixture in the column.

3. The process of claim 1 wherein the step of maintaining the feedstock Rich LNG
below its bubble point to avoid vaporization while in the heat exchanger is achieved
by regulating the pressure in the heat exchanger to maintain the Rich LNG in its

liquid phase with no vaporization.
4. The process of claim 1 further comprising the steps of:

a. directing the feedstock Rich LNG from the heat exchanger through a valve

and into a degasser,

b. directing the liquid stream from the degasser into the processing column, the
column being further outfitted with one or more degasser liquid stream entry

ports along the height of the column to permit directing the degasser liquid

SUBSTITUTE SHEET (RULE 26)



11. The process of claim 10 conprising the additional steps of directing
the liquid streamfromthe degasser or other vessel into another heat
exchangerwanoengeroi n series rel ationship and repeati ngpCmassaieps7ioé cl ai m
10. 12. The process of claim1l wherein the Lean LNG streamis directed to a
Ri ch LNG feedstock storage containing g | evel of Rich LNG feedstock, the
storage further conprising one or nnfé'jet or sparger systens | ocated al ong
t he hei ght of the storagF %g &ernit introductLonof thﬁ Lean .LNG stream
into the storage et MAbBy&ORNAALP G AT detisd desrsier SiUd PEMEd SREh LNG
feedst ock. 13. The |RLQGRIRNOhe GLighID the\0bDBMA] dhdt he Lean LNG streamis
directed to any stored source of LNG wherein it is sparged into the stored

source of LNG at a desired |ocation. 14. The §£ ces? of claim 1 wherein any

gas phase in theSr SEETIDE AGY $&% &AM 8 1P Reasscr i 9TUMMe St AUBY Peillher ei n

the gas phase is coupssBRPRth bREG hHE EOIRE 8558l AT ) Pordli AIGRG to a
desired location. 15. The process of clainm 14 wherein the conpressed gas is

directed into a hedtigkixehéhagelmnhierreimit tdirectiog iy demesdr gasstiesmaodbnsed t o
forma full or partial condensate. Lean.LNG the condensate then being

i rected to a dool FURMPGEGT, Bars wsaNaceiy s B SRE FiSihoifbhedfh e
condensat e Lean LN@eight®@&®cbkngli rected to a storage facility. 17. The
process of claim 15 wherein at |east sonme of the condensate Lean LNG stream

is directed to_.the col ,_and introduced jnto the colum via the one or
mor e Loan: Lie Sty fOVEET LR Ra RHGTE HERms AR St £ eam
into the col unfe aéoaQBLioNarMMhEcRBIck 881 hIRS el BRPoAIANG ticBrahREGN hOf the
colum -50- 18. e process of claim 15 wherein the heat exchanger is

cool ed by an esolwimal refrigeration stream 19. The process of claim 15
wherein the heat exchanger is cooled by a second LNG stream 20. The

process of ¢ aiﬂ@ﬁ}oé@&eéfeélﬁmﬁ]éoﬁﬁgi@%% Qidh@%%teﬁ?ﬁﬁékévf}liﬂgﬁ HueRdndi rectly

into the degasser to mx w edst oc C The process of
cl aim 19 wher ejohmirh@tiseegrdmcol d LNG streamis introduced directly into the
colum, the colum being further outfitted with one or nore LNG stream

entry ports 7‘?' AR 1{3&@8 &931:9&}1 %eljéilﬂethé: ﬁg}gg}?&e t Eﬁ@ﬁs&s Qidés?rg& h g of tﬂ(ﬁv LNG

streaminto the colum at one or nore stream product entry
| ocati ons al ongrdehgdeieglane. of t he col umm.
8. The process of claim 1 wherein the Lean LNG stream is directed to a storage facility

or to further processing to vaporize the Lean LNG.

9. The process of claim 1 wherein at least some of the Lean LNG stream is directed to
the column, the column being further outfitted with one or more Lean LNG stream
entry ports along the height of the column to permit directing the Lean LNG stream
into the column at one or more desired Lean LNG product entry locations along the

height of the column.
10. The process of claim 1 comprising the additional steps of:

a. directing at least some of the Lean LNG stream into one or more additional

heat exchangers,

b. heating the Lean LNG within the one or more heat exchangers while
maintaining the Lean LNG below its bubble point to avoid vaporization while

in the heat exchanger,
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22. The process of claim1l wherein the step of cooling and condensing the
over head gas stream against the cold R ch LNG feedstock stream does not
form any woentese®b gas. 23. The process of clai m1l whereirnseée/odiisehar ged
bottons stream conprises up to 99% of the C2 hydrocarbons in the R ch LNG
feedstock and substantially all of thﬁ C3+ as a NG, the NG product
additionally neeting wi thout any furt %r processing close to or

substantially a Pipeline | i ecification of = or, < 0. 5% Cl. 24. The
rocess of ol ar nt-LHEREHH b 1N ERA tefborbuRe: Crbbhin'daiait Skt an nat
Product of substantge@kdeyomiidd vdsWdt, of up to < 400 psig, up to C1 = or

<0.5%, up to 51%mwl C2 or nore fraction. 25. The process of claiml
wherein the R ch LNG feedstack. conprises between 1% nol e to tha

exceedi ng 40 to %0 dHeias %iz)‘.l“l‘ééFfe&PhéfOBlr%‘Eé@%aS%ﬁF OéloéhanViss%@r"efl??”P e
process runs in a hig@fon gfdhane recovery” (90% or nore) node to recover up
to 99% et hane and substantially 100% propane. 27. The process of claiml
wherein the colum conprises about 10 theoretical trays. 28, The process of
claim1 wherein Sul&ecing Ay gay stirgnyigfhe d@@ése( @rﬁh@ffr"%ﬁﬁ?l&?ﬂ%ﬁ%@ﬁcm’ér head
streanm) is forned even where there is as low as to 1% C2 in the feedstock

-51- 29. Thea1prieqessssaff chilmil dmppg ehdndiGbn by @alirbdimg QealquidysusHecs i s
produced, even when the systemis operating in dee hig% et hane extraction
(90% pl us) nodéom 3 degyeseirpioeldersvessel dntajarpheniat exchandaie aig@Igednin pagies

configured andmhﬂ%gg%ggfgp%@$gﬁﬁy%ég&%gﬁn?é_operabiIity and functiona

configurations selec e group consisting of distillation colums,
extractive distillation colums, reboiled absorption colums, absorption

col umms, | edA- Hiel pragssoplodpine bviheiss, the daet L.YRattican it direntdsto sRichgdilng
columms, refl uxed 3t LlPRE n R Feve PHARIE DAL G REEL RRL 9850 F

comprising one or more jet or sparger systems located along the height of the storage
to permit introduction of the Lean LNG stream into the storage either above and/or

within the level of stored Rich LNG feedstock.

13. The process of claim 1 wherein the Lean LNG stream is directed to any stored source

of LNG, wherein it is sparged into the stored source of LNG at a desired location.

14. The process of claim 1 wherein any gas phase in the receiving vessel is transferred to
a compressor wherein the gas phase is compressed and then the compressed gas is

directed to a desired location.

15. The process of claim 14 wherein the compressed gas is directed into a heat exchanger
wherein the compressed gas is condensed to form a full or partial condensate Lean

LNG, the condensate then being directed to a desired location.

16. The process of claim 15 wherein the condensate Lean LNG stream is directed to a

storage facility.

17. The process of claim 15 wherein at least some of the condensate Lean LNG stream is
directed to the column, and introduced into the column via the one or more Lean LNG
stream entry ports to permit directing the Lean LNG stream into the column at one or

more desired locations along the height of the column.
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18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

-50-

The process of claim 15 wherein the heat exchanger is cooled by an external

refrigeration stream.

The process of claim 15 wherein the heat exchanger is cooled by a second LNG

stream.

The process of claim 4 wherein a second cold LNG stream is introduced directly into

the degasser to mix with the feedstock Rich LNG.

The process of claim 19 wherein the second cold LNG stream is introduced directly
into the column, the column being further outfitted with one or more LNG stream
entry ports along the height of the column to permit directing the LNG stream into the
column at one or more desired LNG stream product entry locations along the height

of the column.

The process of claim 1 wherein the step of cooling and condensing the overhead gas

stream against the cold Rich LNG feedstock stream does not form any incidental gas.

The process of claim 1 wherein the discharged bottoms stream comprises up to 99%
of the C2 hydrocarbons in the Rich LNG feedstock and substantially all of the C3+ as
a NGL, the NGL product additionally meeting without any further processing close to

or substantially a Pipeline Quality Specification of = or < 0.5%v CI.

The process of claim 1 wherein the discharged bottoms stream comprises an NGL
Product of substantially with TVP of up to < 400 psig, up to C1 = or <0.5%v, up to

51%mol C2 or more fraction.

The process of claim 1 wherein the Rich LNG feedstock comprises between 1% mole

C2 to that exceeding 40 to 50 mole % C2.

The process of claim 1 wherein the process runs in a high “ethane recovery” (90% or

more) mode to recover up to 99% ethane and substantially 100% propane.
The process of claim 1 wherein the column comprises about 10 theoretical trays.

The process of claim 1 wherein substantially no tail gas (gas from condensed

overhead stream) is formed even where there is as low as to 1% C2 in the feedstock.
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29. The process of claim 1 wherein NGL of Pipeline Quality specs is produced, even

when the system is operating in deep high ethane extraction (90% plus) mode.

30. The process of claim 1 wherein the column is configured and integrated in a multitude
of operability and functional configurations selected from the group consisting of
distillation columns, extractive distillation columns, reboiled absorption columns,
absorption columns, lean oil absorber columns, fractionation columns, stripping

columns, refluxed stripping columns, and reboiled stripping columns.
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